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Soils tnaps and particularly engineering soils map s are 
proving to be most desirable in the planning and de sign stage of 
n1any type s of structure s and land development s .  Problems 
a s sociated with foundation s ,  drainage, and soH behavior may be 
recognized at a. very early stage during the preliminary location 
and site s<ilection through the use of adequate soil map s .  
The Department has been gathering engineering soils 
data. for several years through routine de sign and soil profile 
type te sting for construction projects. This information repre­
sents a. rather widely scattered sampling of the entire state , 
depending, of course, upon the actual de sign nee d s  for projects 
under consideration for new grade type construction.  This in­
formation has usually been specified for roads on the primary 
Federal Aid System of highways .  
About two years ago the Research Division began a 
mapping program de signed to adapt e xisting U, S .  Department of 
Agriculture soil s maps for engineering purpo se s .  The se pedo­
logical map s contain an excellent delineation of soil serie s ,  have 
been prepared in conside rable detail, and have required ,  of 
course , quite an expenditure in the preparation, Their adapta.,, 
ti.on involve s primarily the deter·mination and as signment of 
engineering propertie s to the soil areas already mapped pedologi­
cally . Soil clas sification and bearing value s along with de sirable 
engineering propertie s have to be de termined for the area s ,  
'I.'he report by R .  C .  Deen i s  in two parts .  The first 
section, "A M.ethod of Developing Engineering Soils Maps for 
Kentucky", outline s the background for an engineering soil survey 
of the entire state , The second section is a pilot survey and pre -·  
sents data for Fayette County . 
D .  V. Terrell - 2 - August 28,  1 957 
The type of information presented should p rove extremely 
valuable in the location and design of engineering structures.  These 
data can be expanded to cove r  several counties that presently are 
mapped pedologically, and eventually this information could in­
c lude all 1 20 counties. It would not be necessary to re-sample and 
test a soil series each time it appeared, except to check continuity 
and conformity. Mercer County is the next in the sequence planned 
for study.  Be cause of the e xistence of similar soils series it will 
be ne cessary to sample only 7 of the 14 series in Mercer County. 
WBD:dl 
Enc . 
cc :  Research Committee members 
Bureau of Public Roads (3) 
Respectfully submitted, 
Drake , Acting 
Assistant Direc tor of Research 
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Chapter I* 
INTRODUGTlON 
The information aNailable from an engineering s oil  s urvey and 
map of the State of Kentucky would have practical application for 
several fields of engin13ering; the data would be by no means restricted 
to the de sign and cons truction phase s  of the development of engineering 
s tructure s.  Great economies might be accomplished if such data on 
s.oi.ls w e re made available and utilized during the very e arliest stagl'>s 
of planning and site selection·; yet in the past the character of the soil 
has been only a minor consideration in the sele ction of a sHe. Often 
s oil conditions have not been considered at all, since the practice 
commonly is to take soil boring;> only after a s ite has been s e lected . 
The problems encountered in the use of the many soils .or the 
s .tate are numerous . Probably the most important, particularly in 
terms of pavement construction, is that of supporting power . When it 
is  realized the .soil supports , ultimately, virtually all engineering 
structures , its importance is for cibly brought to the front. 
* Some of the matl'lrial in Chapters I and II has bel'ln taken, dirl'lctly or 
indirectly, from a previously published report, written by the author: 
De en, R .  C .  J "Kentucky Soils : Their Origin, Distribution and ·Engi� 
neering propl'Ortie s " .  This was o.riginal1y presented a t  thl'l Kentucky 
Highway Conference, Univers ity of Kentucky, Lexington, Mar ch 29, 
1 9 5 6 .  It was later published, firs t  in a combined report of the High­
way Materials Research Labora.tory, K\'lntucky Department of Highways , 
Lexington, June 1 95 6 .  This was .then rep.rinted in "Some Technical 
Paper s :  Kentucky Highway Conference·" ; Engineering Experiment 
Station Bulletin No. 40; Unive rsity of Kentucky, Lexington, June, 1 9 56.; 
pp. 47-54, 
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Ntimerous other soil problems result in connection with the 
relationship between the sub grade and the pavement performance. 
Frnst heave, which has :received special attention in recent years, is 
now known to vary with the type of s"oil. Pumping of joints and cracks 
in concrete pavements is "also "associated with soil type. If a soil is 
known to h.e subject to frost heave o"r pumping, corrective measur"es 
should be taken during construction to reduce the probability of their 
occur-r_en.ce � 
With a knowledge of the engineering characteristics of soils, 
and the occurrence and distribution of these soils, estimates "of exca"� 
vation quantities and condition"s can often be made with accuracy. The 
properties of foundation materials, including tho.s:e at dam sites, can 
be determined with reliability. 
With the increas"e in earthwork req:uired by the construction of 
highways with modern grades "and sight distances, embankment problems 
have increased also. The possible locations of suitable construction 
materials can be made from information presented in an .engineering 
soil survey and map. 
Drainage is a n  important problem encountered in highway and 
airfield engineering. With a knowledge of the drainag,e cha.racteristics 
o£ a soil, the water supply, both surface and g:round, and drainage 
conditions likely to occur in the field can be better estimated. 
At p.re"sent there is no sing1e source of information which pre­
sents the engineering Gharacteristics of the soils .of Kentucky. When 
such information is desired, detailed investigations of individual 
projects are made. These studies are often conducted after the site 
has been selected and thus the data a.re not available for preliminary 
reconnaissance. 
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Engineering !'�Oil surveys and maps can be u sed in four major 
ways by engineers: I) to make soil-reconnaissance surveys, 2)  to 
locate sand and gravel deposits, 3) to organize and check field surveys, 
and 4) to correlate pavement and structural p!'lrformances with soil type. 
In soH-reconnaissance surveys, the maps may be used for 'Preliminary 
site selection by taking advantage of favorable soil and drainage condi-
tions and avoiding the undesirable situations -- the soils maps making 
it possible to note the areas where these conditions prevail before ever 
going into the field. Sand and gravel deposits can be located readl.ly]f 
it is known what soil types are associated with or developed from them. 
Soil maps can be used to a great ad:van.tage in organizing and 
checking field sampling.  Since a soil type will have the same engine.er-
ing properties wherever it is mapped (see Chapter II, Pedology Section), 
it is unnecessary to sample at reg'\llarly spaced intervals. One or two 
check samples could be obtained from each soil type area, allowing more 
time and effort to be spent in problem areas. 
The intelligent use of engineering :;oil surveys and maps can 
• 
reduce the time required in making surveys for engin!'lering locations, 
and .the association of engineering performance with the soil typ.e name 
provides a convenient means of cataloging p.nd filing of soils information. 
Chapter II 
SCIENCES OF SOIL INTERPRETATION 
To a pedologist soil is a natural body of minerals and org;mic 
constituents, differentiated into natural horizons -- usually unconsnli­
dated -- ranging in thickness from a mere film to a maximum of 
somewhat less than ten feet, which differs from the material beneath 
it - - also usually unconsolidated - - in morphology, physical properties 
and constitution, chemical properties and composition, and biological 
characteristics. This definition follows that of pedologists Curtis F. 
Ma_rbut and Jacob S, Joffe ( 32) , and limits the soil to the surface o.r 
near-surface materials which are natural media for the growth of plants. 
From the geologic viewpoint soil is the relatively thin layer of 
disintegrated rock lying on or near the surface of the earth, mixed 
with the organic matter which is the p.roduct of decaying :vegetation. 
Thus, soil is the result of the residual concentration of the alteration 
products of rock, which in turn have been changed by the influences of 
chemical and physical processes and living and dead organisms. It is 
underlaid by the subsoil, which is made up of rock fragments and con­
tains little organic matter. 
From the engineering standpoint soil includes everything -­
gravel, sand, silt, clay, badly _shattered and soft rock··-- from the 
earth's surface to solid rock. Thus the engineer engaged in the desigi1 
ar1d construction of structures encounters problems which lie within the 
realms of each of these sciences. The engineer must understand and 
be familiar with the entire soil profile down to and, in some cases, 
even into the bedrock. 
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The need for information on these materials for use in the 
location, construction and maintenance of engineering structures is 
generally accep,ted. Field and laboratory methods ·used to gather such 
information are many and varied ·· - and often too expensive for use in 
preliminary reconnaissance surveys. There is, therefore, a need 
for the development and use of short-cut methods. 
When information on soil conditions is desired for largE'> areas 
where detailed studies .are not available or would be uneconomical to 
conduct, it can be inferred from aerial photographs and pedologic and 
geologic maps and surveys. Much wo.rk has been done, particularly 
with aerial photog)'aphs and pedologic surveys, to develop co.rrelations 
and methods of interpretation of the information in these sources in 
terms of engineering .characteristics of the soils. 
PEDOLOGY 
The ag+icu1tural soil scientists have developed a classification 
and mapping system which they can use to predict soil properties 
that concern agricultural productivity . Many areas have been mapp.ed 
by such methods, and many more are in the process of being mapped 
(see Fig. 1 ) . These soil maps and surveys contain a wealth of infor­
mation that would be highly useful to the soils engineer. They are not, 
however, reported in terms familiar to him; and this source of invalu­
able soils information remains largely unused by engineers. 
Pedology has been briefly defined as " . . .  a branch of the 
science of soils, . .. . .  an independent science dealing with the so.il as 
a natural body' ' (32 ) .  Pedology de'als with the origin, formation, and 
--.1 
STATUS OF SOIL SURVEYS IN KENTUCKY 
[[]] 
� 
SOIL SURVEYS IN PROGESS 
(FIELD WORK) 
PUBLISHED SOIL SURVEYS 
� OLD SOIL SURVEYS 
� NOW OUT OF PRINT 
Dotes shown on mop refer 
to dote of Field Survey 
or date of publication 
~ 
Fig. l - Status of Soil Surveys in Kentucky. 
/ 
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distribution of individual soil profiles, presenting each as a natural 
unit. This presentation is made through a study of each profile's con­
stitution, its life, and its dynamics. 
Classification and Identification 
Soils .are classified by pedologists after very detailed investi­
gations. The basis for this classification is implied in the definition 
oi pedology, and includes consideration of the ;norphology and chemical 
composition of the soil itself, .and the geology and nature of the parent 
materials. 
The primary objective of morphology is description; .thu.s soil 
morphology is nothing more than a description of the soil body, its 
appearance, features, and characteristics. Normally, the properties 
descrihed are these: 1) color, 2) constitution, 3) number and relative 
arrangement of the horizons, 4) depth of profile and thicknes_s of 
horizons, 5) texture, 6)  structure, 7) concr·etions and foreign intrusions, 
and 8) miscellaneous observations. 
Color is the cmost obvious and easily determined of soil charac­
teristics, and much m;3.y be inferred from it concerning the composition 
and factors affecting the soil. The variations of color are due primarily 
to organic matter, ir.on compounds, silica, and lime·. The organic 
matter imparts the black-to.-gray tinges, the iron the red, brown, and 
yellow tinges, and the silica and lime are re'sponsible for the light 
tinges. A single horizon may be uniform in co1o.r or it may be streaked. 
spotted, or mottled in many ways. Local accumulations of lime or 
organic matter may cause mottling. Streaking may be caused by con­
stituents fro.m overlying materials .seeping down into a h.orizon. Certain 
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mottled color combinations - - g;r:ays and browns with a bluish ·or 
greenish tinge - - indicate impeded drainage .  
As the soil material is acted upon by soH-forming proce s s e,s ,  
the profile gradually takes on a definite build known as profile consti-
tution. The chief attributes of the soil profile constitution are com• 
pactne s s ,  cementation, porosity, consistency, plasticity, .and .sticki-
nes s . The se attributes de.al with the resistance to deformation; .that is,  
with the degree and kind of cohesive and adhe sive strength. 
The soil texture i s  determined by the proportions of the various 
size groups of individual soil particles in the soil mas s ,  specifically 
of clay, silt, and .sand . 
The aggre gation of the primary soil particles into variously 
shaped and .sized compound particles is referred to as the soil structure . 
Natural soil aggre gates are called ped s ,  in contrast to clods - - which 
are mass e s  formed by a disturbance and which slake with wetting - -
and to frag_ments caused by rupture of the soil mas s across natural 
planes of weaknes s ,  or to concretions caused by local concentrations of  
compounds that irreversibly cement the soil particles tog,ether. 
The consideration of the se many factors jn identifying soils 
results in a large number of soil class ification group s .  
' 
A SGil'series is  a group of s oils having horizons similar in 
diifer·entiating characteristics and arrangement, developing from the 
same kind of parent material, and differing only in the texture of the 
top horizon. There are 208 s oil series presently recognized and used 
in Kentucky . The Appendix to this report gives a list of these app.roved 
s.oil s.eries used in Kentucky. The principal soil unit used by pedologists 
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in ma1'ping is a n  even more refined one, the e;_oi.l type. This unit is 
similar to the soil series, except that within a s-oil type the texture 
of the top horizon does not vary significantly. 
An engineering appraisal of the same profiles would, however, 
minimize such factors as color and chemical composition, thus allowing 
a regrouping into less refined classes for engineering purposes. In 
addition, the refinement into soil types for engineering purposes is not 
necessary, since good construction practice includes the removal of the 
"top.soil". Investigations in Indiana ( 8) indicate the advisability of 
combining as many as 15 or 20 soils into one g;roup. From the highway 
and airfield engineering viewpoint these soils are practically identical. 
Origins of Soil 
The fir.st ste1' in the development of soil is the formation of the 
parent material through the weathering of solid masses of rock. This 
material may remain in place or be transported to another area by 
wind, water or ice. The parent material, either residual or trans­
ported, is primarily a storehouse of future soils and plays a r.elati.vely 
"Passive part in soil formation. The distinguishing cha.racteristics of 
the g1'eat soil groups are primarily the results of climatic and biologic 
action upon the parent material. However, many soil subdivisions 
owe their distinctive characteristics to the parent material. 
Rocks include both consolidated (hard) and unconsolidated (soft) 
mineral and organic material. The rocks of the earth are of three 
kinds: igneous (or "Primary), sedimentary, and metamorphic. 
Igneous rocks, formed by the hardening o£ molten lavas, are 
composed of different minerals in various "Proportions. CoarBely 
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crystalline textures de velop when the lava.s cool very slowly, and .texc 
tures are finely crystalline or gtassy when the cooling has been very 
rapid. Another important class of igneous rocks includes those formed 
from fragments and ash blown from volcanoes. Many of these rocks 
are porous masses .oi finely divided gtas.sy or crystalline particles·. 
Sedimentary rocks include materials that have been deposited 
by wind, water, or ice. The rocks formed from materials laid down 
by water vary in texture from coarse g;ravels to the finest clays. 
Aeolian (wind) deposits con.sis.t almost entirely of loessial silts and 
sands and are usually unconsolidated. Many gLacial deposits consist 
of unconsolidated and Unstratified gravels, boulders, sands, and clays.; 
while o,thers have been reworked and stratified by water or wind. 
When igneous or sedimentary rocks are subjected to intense 
heat or very high pressures or both, their structures and mineralogical 
compositions are changed. This process is called metamorphism and 
the products that result are called metamorphic rocks. 
The geologic weathering agents which result in .the formation 
of tb!l par!lnt mat!lrial include physical disintegration or reduction, 
essentially a separation from the mass and a decrease in particle size, 
and chemical decomposition, involving complex alteration of the chemical 
constituents. 
Primary physical weathering includes the loosening and break­
ing up of rocks. Joints and bedding planes are the first lines of attack. 
The daily and seasonal variations in temperature cause differential 
expansion and contraction within the rock, setting up stresses which 
gradually cause it to crumble. Rapid temperature variations -- es­
pecially those which cro.ss the freezing point of water -- are very 
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active in this process. Plant roots . are potent agents of physical 
weathering, penetrating into cracks and crevices and exerting tremen­
dous pressures, which cause the rock to split. 
The pro.ducts of the primary methods of physical weathering 
are further acted upon by secondary processes. Rock fragments 
are collected by rivers and streams, rolled along their beds and reduced 
to finer particles. Wave.s of lakes and seas produce a grinding action 
which reduces the size of fragments along the shores, Glaciers collect 
loose fragments and not only grind them into sxnaller sized particles 
but atso use these same :fragments as tools for gouging put more ma­
terial from the rock beneath. Much physical weathering in arid and 
semiarid region.s, where veg!'ltation is sparse, is done by the scou):'ing 
action of sand carried by the wind .  
Physical weathering merely changes the form, while chemical 
weathering can alter the composition of the rock while it is .still in the 
massive form. Only few minerals are not subje·ct to the action of oxygen 
and even in arid regions sufficient moisture is present to promote this 
reaction. The products of oxidation are split o££ and some are washed 
out leaving the remaining xnaterials subjected to weathering by other 
proce.sse s. 
In hydration, water combines with other constituents resulting 
in tremendous volume increases, ranging from very slight to as high 
as 160 percent. These volume changes produce stresses which are 
often sufficient to break up the rock. 
Hydrolysis is con.sidered by some to be predominant in the 
chemical weathering of rock" Essentially an exchange of component 
,;. 
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parts b�tw��n the minerals and wat�r ( CaSi03 + 2Hz0 :::§;;;;• Ca(OH)z + 
HzSi03) ,  it re sults in the
� formation of two substances having prope rtie s 
diffe rent from those of the original mineral-water mixture . In this 
reaction, .although the calcium hydr oxide may be washed away, it may 
react with the carbon dioxide of the air or of the soil water to form 
calcium c arbonate . In this proce s s  of carbonation the carbonates may 
accumulate in the soil or be washed away, depending on the supply of 
cir culating water, 
Closely associated with the othe r proces s e s  of chemical weather­
ing is wate r,  the univer s al solvent. The solvent action of water alone 
is very s low, but with ce rtain salts or acids in solution it incre ase s 
tren:>endously. The chemical effe cts of the biosphere are g:reat. The 
roots of all plants secrete carbonic and other acids which a c t  Upon 
rocks and mineral s .  
Th� proce s s e s  of w�athering are not at work independently . 
Several or all of them usually complement one another,  inte r- reacting 
in a variable combination ( see Fig. 2) . 
Soil Profile Development 
Soil differenc e s  depend not only upo.n the nature of the rock 
fran:> which th� parent materials were weathered but als�o upon whether 
the se  materials have remained in their original positions or have 
been moved and r e deposited,  and if the latte r ,  by what agency . Where 
the parent material has not been moved, the soils are known as re�si­
dual. Th�s� soils consist  primar ily of the insoluble re s idue of the 
rock mate rial afte.r the soluble material has been removed by leaching 
and erosion . R�sidual soils  are widely distributed throughout Kentucky 
-
.,. 
' 
_.--SOIL � 
SOIL /lNG PROCESSES 
AO.RENT MATERI AL 
/!\ /EOLOGIC �ATHERING 
EROSIO� 
WIND, WA,ER, IC 
TRANSPORTATION 
I 
SED IMENTATION 
I 
SEDIMENTARY IGNEOUS METAMORPHIC ---SEDIMENTS 
ROCKS ROCKS� -ROCKS 
::::--._ ..._,_INTENSE�EfT 
-AND PRESSURE 
---CONSOL IDATION AND CEMENTATION 
Fig . 2 - The Soil Material Cycle. 
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and were derived from sandstone , shale , .and lime stone rocks , either 
s.ingly or in vario.us combinations .  Where the parent material has been 
moved .and redeposited by water ,  the s oils are known as alluvial; where 
the moving and deposition has been by wind, as aeoli.an·; and by moving 
ice sheets,  g).acial . 
Mod of the upland soils of Kentucky have been formed from 
re.sidua1 material s . Bottomland soils,  which .are extensive in many 
parts of  the state , were derived from alluvial materials . A fine wind­
blown mater ial known as loe s s  cover s  a conside rable portion of the 
J.ackson Pur chase area as well as other parts of the state , p.rincipa1ly 
along the Ohio Rive r .  A small area along the Ohio River from Oldham 
County to Bracken. County has been affe cted by glaciation, 
The material, whethe r r e sidual or transported, that re sults 
from the weathering of mas sive rock i s  further modified in the .au:r:face 
ox near - surface layer s .  Under the influence of climate and living 
organisms, s.oit material develops into more or les s distinct layers  
or ho.rizons . 
This se rie s of layer s  .that can be observed in any given s oil 
is known as its profile , the characte ristic s of which are the product 
of the characte ristic s of each layer .  The profile is considered as 
;a natural body and noJ; as a serie s  of unrelated laye r s ;  the effe cts of 
the .soil are the re sult of the combined propertie s of all layers .  
The degree of profile deve lopment is dependent upon the inten­
sity of activity of the different soH-forming factors ,  on the length of 
time over which they have been active, .and on the resistance of the 
parent material to change . Soils are dynamic, normally reaching a 
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state of near e quilibrium with their environment after long exposure 
to a given set of conditions , At any stage of deve lopment, the soil 
may be affe cted by mechanical agencie s, Balanced with the material 
lo.st from .the surface by .ero s ion is the parent material that is gradually 
acted upon by the soil-forming proce sse s at the lower levels .  Normal 
erosion i s  the removal of surface soil a.t the same rate that the s oil­
fo.rming proce s s e s  penetrate to greater depths , thus maintaining a 
constant depth of soiL 
Classically, the soil profile is divided into four principal zone s ,  
The uppe rmost is the organic or humus layer, primarily an accumula­
tion of de cayed or g,p.nic matte r .  The eluvial laye r is the zone from 
which constituents have been removed by pe rcolating water ,  and the 
illuvial laye r is the zone of accumulation of the material removed from 
the eluvial zon e .  The lower zone consists of the unaltered parent 
material. 
The proce s s e s  of eluviation and ilhiviation do not fully explain 
the development of many s oil profile s ,  In the case of residual soils, 
the profile develops through the weathering of the rock, and therefore 
a ready mixed material with all fractions rep.resented throughout is 
not available ,  as is the ca.se in glacial ma.tei'ials . Eluviation and 
illuviation r eqp_ire the development of a clay pan, which i s  not generally 
found in .residual s.oils, 
The horizontal layer s  of the p.rofile are called horizons , differ­
ing from one another in such properties as thicknes .s ,  color , structure ,  
and texture .  The separate horizons are referred to by the lette r s ,  
A ,  B ,  C ,  and D. The A horizon is the upper part of the profile, in 
which life is most active and abundant , It include s the humus zone 
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and the zone of eluviation. The zone of illuviati.on, the B horizon, 
is usually marked by de epe r  colors and finer t exture . The unaltered 
parent material is  de signated the C horizon, while any underlying 
strata not generically related to the parent material are called the D 
horizon (see Fig. 3). 
Soil is  the product of the action, conditioned by topography, 
of climate and living organisms upon the parent material. The deg;ree 
to which the se agents affect the material is· controlled by the length 
of time over which they act. Altogether there are five major inter­
dependent factors of soil formation: l) climate , 2) biological activity, 
3) parent material, 4) topography, and 5) time . 
Local c limate, primarily a combination of pre cipitation and 
tempe rature, affe cts the development of soils by the moisture and 
energy it contributes to the environment, It i s  directly or indire ctly 
re sponsible for the variations in plant and animal life , for major s .oil 
diffe rence s ,  for the shaping of the land mas se s ,  and for the character 
of many rock formations .  Affec ting the weathering of both the mass ive 
rock and of the soil materials, it is  re sp.onsible for the removal and 
redeposition of materials by wind, water,  .and glaciation . Pe rcolation 
is also e stablished and maintained by the effe cts of climate . 
Pedologists have found that over extensive areas of the world 
with s imilar climate s s oil profiles tend to show certain similaritie s, 
apparently reflecting the influence of the climate . By a broad general­
ization, the soils of the world have been arranged into five group s ,  
corre sp.ondlng to the five major climatic zones of the world ( se e  Fig, 4) . 
Til.ndra soils have developed under frigid climate s with low 
precipitation. The development of the profiles has larg�ly been the 
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result of physical weathering ass ociated with the mechanical a.ction of 
frost heave . As a result, the soils are relatively shallow and tend to 
be high in s ilt and low in c lay content, with a uniform textur.e through­
out the profile. 
The Podzolic soils have developed in the humid temperate 
climates ,  where chemical as well as physical effects are important . 
The soils are leached and the subsoil is  generally heavier than the 
surface layer above and the parent material below. 
In the subhumid and semiarid temperate climates ,  the Cherno­
zemic soils have develop.ed, showing both physical and chemical effects 
of climate. These soils are only slightly leached and thus show less 
textural variation with depth than the soils of the Podzolic g:roup . 
Organic material is well mixed with the soil throughout the upper foot 
or two, whereas an organic mat develops on the surface of the Podzolic 
soil s .  
Desertic s oils develop under arid climatic conditions and are 
largely the result of the physical breakdown of the parent material . 
The soils are unleached and show only slight textural variation,s within 
the profile. 
The Latos.ols have developed in humid and wet-dry tropical 
climates . The chemical effects of such climates greatly overshadow 
the physical effects . The soils are deep, highly leached, and predomi­
nately red in color . High in clay and low in silt content, they are, 
however, friable and permeable. Unlike the Podzolic soil s ,  the Latosols 
show a gradual increase in clay content from the surface downward. 
Unde r this broad clas.sification, Koppen (22.) places the entire 
state of Kentucky in the regional climatic zone of the warm, temperate, 
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rainy type, This climate is without a dry season; that is, the wettest 
month of the winter has les.s than three times the precipitation that 
falls during the driest month of the summer, Koppen also speaks of 
this regional climate type in terms of hot summers with the mean 
temperature of the warmest month being greater than 72.'F , The soils 
of Kentucky would then be predominately of the Podzolic group, 
In :many locations, however, the local or spot climate may be 
sufficiently different from the regional climatic conditions to cause 
variations in soil development and properties, Lake influences, forest 
influences, variations in mountain crest, slope and valley climates, 
and the influl')nces of human settlements and activities may be of impor­
tance in Kentucky in affecting local climates, Nevertheless, from 
an engineering point of view, the soil forming factor of climate may be 
considered uniform in a relatively limited area such as a state and ve11y 
definitely in a county, 
Biological activity is the other active soil-forming factor, 
Plant and animal life supply the organic matter for the soil, Percola� 
e tion is n1odified by the paths made by plant roots and burrows of small 
animals, Microorganisms break down organic debris and this decay 
results in the formation of various organic acid.s which, in .solution, 
hasten the leaching of the soil material, These biological influences 
may also be, like climate, considered 'uniform over the state of 
Kentucky, 
Certain passive factors of soil formation account for the rate 
and degree of horizon devetop:ment, The rate is particularly affected 
by the texture of the parent material and its resistance to change, In 
"young" soils the profile is shallow and weakly developed, with the 
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parent material lying near the surface and strongly influencing the 
p rofile . In older soils weathering has reached to greater depth s ,  thus 
decre asing the effect  of the parent material upon the profile . In areas 
where chemical weathering is important the tendency is for the soil to 
lose the characte ristics  of the parent materiaL 
Topography, particularly the gr ound slope , materially influences 
the soil formation proce s s e s  because of its controlling effect upon 
drainage , runoff, percolation, and erosion. Soil profile s on steep slope s 
are generally weakly developed .  This retarded deve lopment is  due to 
rapid runoff, erosion and decreased percolation. In low areas and de ·· 
pres sions where the ground�water level is near the surface , the profile 
deve lopment is distorted .  
Time o f  weathering affects the degree of soil formation directly. 
The time required for the deve lopment of a ''normal" soil is probably 
greater in dry re gions than in humid one s. Soils on steep mountains 
are generally young in years but even younger in stage of development. 
The age s  of soil s on flood plains are also slight. It seems reasonable 
to consider the "age" of soils to be their state of maturity rather than 
their chronoiogical age. No useful general statement can be made to 
define the rate of formation of soils,since some form very rapidly, other s 
extremely slowly. 
PHYSIOGRAPHY AND GEOLOGY 
Since climate and biological activity may be considered uniform 
over the state , the parent material, topography, and age thus become 
the important factor s  in determining the distinguishing characteristic s 
of a Kentucky soiL A knowledge of the physiography and geology is  
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the refore an important part of the background ne ce s .sary to make an 
intelligent clas sification and interpretation of soilso 
Physiogra"[hy is the study of the shapes,  size s,  and relation� 
ships of the earth's surface features o  Physiography diffe rs from 
topography in that it attempts to explain the o.rigi:n and pre sent condi­
tion of the surface relief whereas topography deals only with the con­
figuration of the surface 0 Since physiography doe s attempt to explain 
the history of the surface of the earth, it is closely related to, and 
inseparable from, geologyo 
Kentucky Geology 
T he geology of Central Kentucky is largely controlled by the 
Cincinnati Anticline, a b.road arch that stretche s north and south 
through the central portion of the state, reaching a peak in Je s s a=ine 
County 0 To the w e  s t t h e  strata dip into the broad syncline of the 
Western Coal Fieldo The dips of the strata on the flanks of the 
Cincinnati Arch are quite genUe and can not be detected by the eye o 
This arching, however, has been sufficient to allow e rosion to be active , 
expos ing on the surface of the dome the oldes t  formations in the stateo 
Proceeding outward from the Jessamine Dome, the yo1,1nger formations 
are exposed in a concentric arrangemento 
An examination of the physiographic and geologic maps (see 
Figo 5 and 6)  shows the concentric arrangement of the olde st formations, 
Ordovician, at the center, with the succe ssively younger formations 
appearing as retreating circles of plateauso The oute r circle of 
Pennsylvanian age has been broken into two separate are a s ,  the Eastern 
and Western Coal Fields ,  by the erosional action along the axis of the 
Cincinnati Arch, 
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To the we st of the Tenne s see River lies an area that was not 
raised above s e a  level until late geologic time . This area, the Jackson 
Purchase ,  was at the head of an e ·mbayment of the Gulf of Mexico 
during the Late Cretaceous and Tertiary Per iods, and )Ce ceived deposits 
of s and, gravel and clay. 
Ve ry little of the state has felt the effects of glaciation . A 
small area along the Ohio River from Oldham County to Bracken County 
has deposits  that can be as cribed to glacial activity. The depo s its are 
imperfectly consolidated loe s s with pebble s and occasional boulde r s  of 
Northern origin. Glacial outwash depo.sits a•e also  recognizable 
from Trimble to Jefferson Counties . 
Physiography of Kentucky 
The top.o gr aphy of Kentucky has been divided into six definite 
regions , each reflecting the character of the unde rlying geologic for­
mations . The six physiographic.al regions of Kentucky are : 1) the 
Blue Gra s s, Z) the Knobs, 3) the Eastern Kentucky Mountains , 4) the 
Mis sis.si.pp:lan Plateaus, 5) the Western Coal 'Fields ,  and 6) the 
Jackson Purchase . 
The Inner .Blue Gra s s  region, or Lexington Plain, include s 
most of 'Fayette , Scott, Woodford, Je s samine , and Mercer Countie s .  
This is a lowland with a gently rolling terrain. Rive r s  in the area 
have entrenched themselves to depths of 400 and 500 feet .  Since many 
of the constituents of Urne stone s are soluble, solution channels , as 
well as caves and sinkhole s ,  are not uncommon, and much of the 
drainage is through the s e .  
The level uplands have developed deep residual s oils derived 
from limestone . Physical te sts show that such soils are relatively 
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plastic; yet these are wen drained internally because the bedrock allows 
the water to e scape through cracks , joints and solution channels and 
because the soils develop a fragmentary structure. However, when 
the natural soil structure is de strayed in earthwork operations for 
engineering purpos e s ,  the soils become plastic and react in much the 
same way as other clay"·like materials , 
The area encircling the Lexington Plain is known as the Outer 
Blue Gras s ,  including the Eden Hill Country, The comparatively im� 
pervious and e asily eroded shale has produced a rough, hilly country 
( see Fig, 7) . The soils of the Eden Hills have been formed by the 
decompositio{il of lime stone s and shale s .  The valleys are narrow and 
winding, entered by numerous streams which require many culverts 
and bridge s .  The soil is highly plastic and provides poor pavement 
support at normal moisture content s ,  while cut slopes frequently produce 
1andl3li.des and are a major engineering problem . 
Proceeding outward from the Je ssamine Dome, the soils of the 
Outer Blue Grass  become more similar to those of the Inner Blue 
Grass. The upper horizons are more suited as subgrade material than 
the Eden Shale s ,  although the parent mate rial is  very similar to that 
of the Eden. It is fortunate that the gently rolling "!lature of the terrain 
(see Fig. 8) requires lighter cuts,  so  that little of the unde sirable clay 
finds its way into the sub grade . 
Surrounding the Blue Gras s limestone country is a narrow belt 
of land known as the Knobs area, cha.racterized by the c onical knobs 
(see Fig .  8) that are the erosional remnants of former uplands to the 
south and west. This is a narrow shale area with the Missi s s ippian 
Plateaus to its we st and south, and the Cumberland Plateau of the 
Fig. 7 - Topography of the Eden Hill Country. 
Fig. 8 - The Gently Rolling Terrain of the Outer Blue Grass. 
In the background are the conical knobs that encircle 
the Blue Grass Region. 
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Eastern Mountain area to the east .  It  is a region of rough topography 
but with the major stream beds flat and wide . 
The Mis sis sippian Plateaus form a broad belt  to the we st and 
south of the Blue Gras s ,  encircling the We stern Coal Field.  This belt 
is a rolling upland plain formed from limestone , with small local 
relief (see Fig . 9) . Except for the larger rive r s , the drainage is under­
ground . The gently rolling topography and lack of surface drainage 
favor the development of thick, residual soil s ,  similar to tho se of the 
Blue Gras.s a re a .  These s oils are usually good in highway construction . .  
In deep cuts , however, a great deal of plastic, unstable clay i s  freq].lently 
encounte red .  
The re gion cente red around Madisonville is the Western Coal 
Field,  a topographic as well as  a structural basin, The country is a 
dissected plateau with rolling hills and moderately wide valleys . An 
outstanding feature of this region, as well as of the Jackson Purchase,  
is .the b.road alluvial bottoms of  the larger rivers . The soils of this 
area, formed by the weathering of sandstones and shale s ,  are similar 
to those of the Easte rn Coal Field . 
The Easte rn Coal Field, a re gion characterized by a rough 
topography with na.rrow ridges anc\. deep, narrow valleys , includes all 
of the state e ast  of the Pottsville Es carpment. Flat lands are at a 
minimum ; but locally, in areas of shale outcrop, numerous bottomtands 
have developed. Mas sive sandstone s have given rise to local upland 
flats . 
The soils derived from the se sandstones and shale s are  usually 
quite good subgrade material. Because of the rugged terrain, the deep 
cuts and high fills re quired in highway construction consist predominantly 
Fig. 9 - The Gently Rolling Terrain of the Mississippian 
Plateaus. The Pottsville Escarpment rises in the 
background to the Cumberland Plateau of Eastern 
Kentucky. 
Fig. 10 - The Rugged Terrain of the Eastern Coal Field. The 
photograph shows the deep cuts and high fills required 
in highway construction. 
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of sand stones and shales ( see Fig, 10) , The bedrock in this area thus 
becomes of great e ngineering significance ,  
The Jackson Purchase, an undulating plain with very little local 
relief, lies in the Gulf Embayment, a coas tal plain region, The area 
has been c overe d  and the soil s are greatly influenced by the wind�blown 
loe s s ,  which overlays all older materials , Floodplains of large extent 
have formed along the Mis sis sippi, Ohio and Tennes see Rive r s ,  
Affi PHOTO INTERPRETATION 
The use  of air photos to obtain information of interest to the 
soils engineer is  of inestimable value , Pedologists are presently using 
aerial photographs in pedological mapping; geologic surveyo r s  rely 
upon the interp.r·etatlon of air photo s in preparing geologic maps and 
surveys ; and aerial photography played a very important role in the re� 
cently completed topographical mapping program of Kentucky , 
Even though an engineer doe s not use aerial photographs direct� 
ly when he investigates the soil conditions of an area , he unknowingly 
places great confidence in the use of air photo s when he uses up � to �  
date pedologic , geologic, and topographic maps and surveys ,  When 
he uses such maps and survey reports ,  he is not, normally, doing any 
actual mapping himself, His task is merely to extract engineering 
s ignificance from the features that have already been mapped , This 
may be done by infe rence or by field sampling and testing and laboratory 
testing , 
The soils engineer would find it very con.veiiient if the areas 
in which_he were intere sted had already been mapped by the pedologists , 
Unfor tunately this is  s e ldom the case , There have been only twenty 
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Kentucky countie s ( s.ee Fig, 1) for which a gricultural soil surveys 
have been prepared ,  Of the se surveys .some are better than othe r s ,  
and according to the United State s Departmen t  of Agriculture only five 
are of sufficient ac curacy to be of use to the engineer: 1) Galloway -
published in 1 9 3 7 ,  2 )  Fayette � 1 93 1 ,  3) Grave s - 1 9 4 1 ,  4) Marshall -
1 938,  and 5) Mercer - 1 930 , 
If the Kentucky engineer is to have a soils map and survey of 
the state , it appears that he may have to enter the soil mapping Held 
himself ,  For are as where pedological maps are not available , the 
engineer must start his work with the delineation of the diffe rent soil 
areas,  using all available mapping me thods ,  Aerial photog;raphs can 
be .of great value in identifying and mapping s oil areas, since s imilar 
soil patterns can be r.ecognized from their use ,  
Principle·s of Air Photo Interpretation 
The interpretation of the engineering characteristics of soils 
from a erial photog;raphs is primarily a matter of deducing the soil 
propertie s from clue s recorded on the pho.tograph, The analysis and 
inte rpretation then depend upon the recognition and proper evaluation 
of the na.tural envi,ronment o£ the area ,  
The wse of aerial phptog;raphs is based Upon three fundamental 
principle s which must be understood if this method of mapping is to be 
·app.re ciate d ,  Fir s t, the aerial photograph is a record of the environ­
mental aspects of an area, and this environment, itse lf, is the refle c ­
tion and result of the natural proce sse s at work over the age s ,  A 
knowledge of gl'Jology, physiography, and pedology is thus of importance 
in the process  of deduction, and makes it possible to trace the probable 
events re sponsible for the development of a given soil deposit. 
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Second, the earth materials can be grouped togethe r to form 
patterns , The se patterns are composed of definite physical e lements 
recognizable in aerial photographs ,  
The last principle of inte rpretation is the ' repe titive nature of 
soH patterns , Two materials which have developed from simUar 
parent materials under similar conditions of climate , biological activity, 
topography, and time will have similar engineering characteristics and 
will exhibit the same air photo patterns , The se soil patterns can be 
used to identify soils and rocks, and to de line ate areas of similar 
mate rials , 
Photo Patte rn Elements 
Various facto,rs discernible in aerial photographs are analyzed 
singly and in various combinations , and by deductive reas:oning a con­
clusion is r e ached involving the characte ristics of the soiL The 
factors which are considered and colle ctively refe r red to as the soil 
pattern are land form, slope , surface drainage, e rosion, color tone , 
veg!ltation and land use , 
Land Form , Of the various factors used by the air photo inc 
terpreter the physiography, or land form, is perhaps the most he lpful 
and revealing, Closely associated with the origin of the materials and 
the subse quent erosional history, its determination establishe s the 
type of parent material in the are a ,  On the basis of this one e lement, 
areas of similarity can be delineated and predictions made a s  to the 
enginee ring characte ristics of the materials that make up the deposits , 
!?_lope ,  The factor of g;round slope is of importance not only as 
a constituent of the land form, but als,o the prevailing slope gives an 
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indication of the materials present. The nature of the slope provide s 
a key to the relative resistance of materials to erosion. Where the 
weathering progre s ses  at a rapid rate , the sharp edges are worn and 
the surface slop e s  as sume a rounded ,  s oft appearance . With the 
more re sistant materials ,  sharpe r  ridge s  are produced . 
Surface Dr<Linage. . Precipitation, upon reaching the ground , 
runs off on the surface or percolate s through the soil if not lost by 
evaporation. The nature and stage of development of the stream and 
tributary drainage pattern are primarily controlled by the character 
of the underlying materiaL Where water is allowed to e s cape easily 
by pe rcolation through the soil, the surface runoff will be small and 
the stream deve lopment le ss than where the s oil is  impe rmeable and 
large amounts of the water run off on the surface .  A study of the degree 
to which the surface drainage pattern has developed can give a fairly 
reliable clue to the texture of the soil and the development of sub� 
surface drainage . 
Erosion. Erosion is closely related to surface runoff . Soil 
textures and certain profile feature s largely control the effect this 
runoff has on the surface feature s .  The gully system, the most dis� 
cernible of the erosional featur e s  on aerial photographs , is  of great 
importance to the enginee r .  
Semi·· granular materials such a s  silts and sand� c lays develop 
U - shaped gullie s  ( se e  Fig. 1 1 ) in the humid regions . The se gullie s show 
a characteristic sharp drop-off from the surface leve l to the bottom 
of the gully at the headward end .  They are often. stubby,  extending only 
a short distance into the uplands .  
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A g11lly which exhibits a broad, rounded cross - s e ction is  in­
dicative of a dee p ,  uniform profile in a semi-plastic to plastic 
material , The se materials als.o develop gullies which have a low, 
uniform g:;adierit and extend for great distance s into the upland s . 
Gl'anular materials are found in V-shaped g1.1llie s .  Where '· 
the se  gullies become very broad and shallow, silty or sandy material 
over a claypan i s  indicated .  
C olor Tone . On ae rial photographs colors are reproduced a s  
shade s of gray, ranging from white t o  black. The surface co.lor of a 
s oil is a function of its texture and vegetative cover,  which in turn are 
controlled over large areas by climate and locally by the immediate 
groundwater conditions . Even though the color tone s which appear in 
aerial photographs may often be the result of human activities, such a s  
plowing, this element can give clue s a s  to certain characteristics of 
the soil. 
Ve getation. The vege tative cover re corded in aerial photo­
graphs is often very difficult to inte rpret .  The contrasts in  vegetation 
reflect a change in the environmental c onditions o f  plant growth and 
these variations may be due to changes in soil texture ,  soil moisture,  
and topography. However ,  with local expe rience , the vegetative cove r ,  
both natural and cultural can be used as an indicator of soil characte r­
istics . 
Land Use . The use that man has made of an area may often 
be indicative of soil characteristics . Not only the use but the manner 
in which the land is prepared for use is of importance . The suc ce s s  
of many crops may often be correlated with certain prefe rred soil 
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conditions . The patte rns of contour plowing, terracing, .and strip� 
cropping, and the pre sence of drainage ditche s or furr ows indicate 
soil conditions that may be of value to the engineer .  
Limitations of Air Photo Interpretation 
To make prope r use of air photo inte rpre tation, it i s  important 
to recognize the inhe rent limitations of the technique . It is  ne c e s s ary 
for the interprete r  to learn to recognize conditions beyond which 
analysis  and evaluation become que stionable and of little value . The 
primary limitations are threefold: natural, photographic,  and human . 
The c limatic influence , a primary natural limitation, is of importance 
in the manne r in which it affects the soil color tones and the e rosional 
featur e s .  In arid re gions where the precipitation occur s  in .the form of 
flash floo d s ,  soft clay shales form g;t11ies with vertical sides .  In the 
humid regions , the se same materials p.roduce softly rounded gullie s .  
The season of the year during which the aerial photographs were taken 
affects the vegetative cover and the immediate groundwater conditions . 
Many of the e lements of the photo pattern may be misleading if the 
climatic conditions are not properly evaluated and applied . 
The view that is presented to the interpreter by the aerial 
photograph can be influenced by cer tain feature s of photography itself ,  
The type of photography, trimetrogon, vertical, o r  oblique , can affect 
the techniq1-1e of interpretation, while the s c ale of the photograph 
affe cts the detail that can be obtained .  No single s cale i s  .suitable for 
·all purpo s e s ;  each user must select the s.cale which gives him the be st 
results . In soil mapping for engineering purpo.se s ,  scales varying 
between 1 : 1 5 , 000 to 1 : ZO , 000 have proved generally satisfactory. 
c;, 
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The type of film and paper used and the technique of development can 
effe ct variations in the color tone s of the photographs . 
To obtain the maximum benefit from aerial photographs , the 
interprete r must develop a background in ge ology, pedology, physio­
graphy, e cology, agronomy, climatology, geomorphology, and many 
othe r s cience s dealing with the surface feature s of the earth. He should 
have an under standing of the relationships hetween the natural featur e s  
and their engineering .significance . The success  of air photo inte rpre­
tation of soj.ls for engine ering purpo.ses is largely dependent upon the 
training and skill of the interpreter and his inte res t  in the work. 
Chapter III 
METHODS 
Since there was available a sufficiently reliable pedological 
soil survey and map of Fayette County, Kentucky, no actual mapping 
or delineation of soil areas was required for the pre sent study, The 
p.roblem became, therefore,  one of determining the engineering te st 
constants and giving engineering significance to the pedolo gical soil 
clas sifications , 
STATISTICAL APPROACH 
The first step in the solution of the problem was to answe r the 
que stion, "How many sample s of each horizon of each soil serie s would 
be required to give significant re sults ? 1 1 To obtain an answer , the 
que stion was approached from a statistical viewpoint , 
If the the sis that the pedological propertie s of a given soil are 
similar whereve r  the soil is mapped is correct and can be applied to 
engineering proper tie s also, then the engineering te st constants for a 
given horizon of a given soil should fall within a more or le s s  narrow 
range de terminable from considering te st results from a few sample s 
taken at random , This range of value s for a given engineering property 
could be as signed to the particular soil horizon in question, and no 
matter how many time s this horizon is sampled in the many diffe rent 
locations it may be mapped, it could be conftdently a s sumed that the 
soil is sufficiently uniform for the te st value to fall within the range 
e s tabli shed ,  
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The numher of s�ample s re quired to give such a significant range varie s , 
oi cour s e ,  with the accuracy de sired and with the variability of the 
particular ·enginee ring te st constant under consideration. 
The limits firs t  e stablished for this project were such that the 
test re sults on a given .sample out of a hund:red might deviate from the 
mean by not more than ten per cent. The s e lection oi the
'
s:e particular 
limits i s  not to be considered the e stablishment oi a satisfactory range 
but merely serve s  as a star ting point in determining the number of 
sample s required . Assuming that the engineering test constants fall 
into a normal distribution about the ir re spec tive means , this statement 
of accuracy de sired can be repre sented by the general equation 
where z " 
z o-1 " EX• 
X - X' 
o-' 
U"'= s tandard deviation of the unive rse , 
( 1 )  
E = allowable err or expre.s sed a s  a de cimal, 
X'= mean of the univer s e ,  and 
X =  any value of the unive r s e ,  
The above e quation can also b e  stated in the following term s :  
where 
o- "' EX z-.JN (2) 
a-= standard deviation of a group of samples ,  
N = number of items in the group .oi sample s ,  
X = mean of a group of sample s ,  
<:r' = cr/....JN, and 
x� � x. 
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In arriving at Equation 2 ,  two assumptions were made . The 
fir st was that the engineering test cons tants for a given soil s e rie s 
assume or ate closely approximated by a normal or Gaus sian distribu­
tion . This is  not an unreasonable as sumption to make . For example , 
i.f the liquid limit were determined for a very larg!" number of samples 
of the C horizon of the Maury serie s ,  as many re sults would be expected 
to fall above the .mean as would fall below, and the se re sults would be 
concentrated about the mean. The second of the as sumptions was that 
the mean of the unive rse was approximated by the mean of a g!;'oup of 
sample s .  This as sumption was base d  on the method of maximum likeli­
hoo d ;  that is , the sample statistic is the maximum likelihood e stimate 
of the corresponding unive rse paramete r .  This i s  usually the case and 
this method is  favored by many s tatisticians ( 1 6 ,  page . 339} .  
In Equation 2 ,  letting z "'  2 .  57 satisfie s the requirement that 
ninety-nine of one hundred sample re sults be within the desired range 
about the mean . Letting E "'  0 . 1 0  e stablishe s  this .range as plus or 
minus ten pe rcent of the mean .  Using the valu.e s of Cl""and X obtained 
from a g!;'OUp of s ample s ,  the numbe r  of sample s ,  N, required can then 
be calculated .  
By re stricting, at the beginning, the field sa1:npling and labora­
tory te sting to one soil series it was e stimated that three samples from 
each horizon of each soil se rie s would be needed to meet the require ­
ments established in .all cases  except that of the plastic limit and 
plasticity index. The numbe r of samples required for the se te st value s 
was a s  high a s  thirty, seemingly an unreasonably large figure . Calcu­
lations indicated that te st results from three sample s ,  however ,  would 
� 4 1  � 
s how only a twenty pe rcent deviation from the mean of the universe  
for the se two test constants , On the basis of this preliminary study, 
it was decided to a,ttempt to obtain s ample s of each horizon of each of 
the ,soil serie s from three different locations in the county . In s ome 
cas e s  it was found that only two samples were required, ,and the third 
was not obtained,  
FIELD SAMPLING 
The s ample site s were located by reference to the pedological 
soil map and were selected in such a way as to distribute the site s in 
each soil serie s  ,over the county, An attempt was ,made to place the 
site,s near the center s  of the large areas of a s oil ser ie s  in order to 
obtain typical samples and not fall in the transition zones between the 
s_erie s .  
No unusual methods of sampling were use d ,  Most of the sample s 
wer e  obtained by a four - inch, Iwan post hole auger (see Fig , 1 2) , 
This proved to be ,a  quite sati sfactory method of obtaining sa=p1e s 
except in the very wettes t  horizons , In the s e  case s ,  sampling was 
delayed until the dry season, Sample s were obtained to depths of 1 5  
fee t  by this n1ethod , Some san1ple s were also obtained from test pits , 
fu all ins tances depth, color, texture, moisture conditions,  and any 
other feature s that might be of interest  or use in identification or classi� 
fication were noted and r ecorded , A 20� to 30�pound disturbed ,sample 
was taken from each of the major horizons at every location and sent 
to the laboratory for testing , 
- zv -
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LABORATORY TESTING 
Once in the laboratory the sample s were p.repared for the de -
termination of engineering soils constants by the procedure e stablished 
under ASTM Designation: D 42 1 · 3 9 .  The soil constants and the method s  
use d  for their deter·mination were a s  follows:  .. 
Soil Preparation ASTM De signation: D 421 - 39 
Mechanical Analysis ASTM Designation: D 422 - 39 
Liquid Limit ASTM Designation: D 423 ·" 3 9  
Plastic Limit and 
Plasticity Index ASTM Designation: D 424- 3 9  
Specific Gravity ASTM Designation: D 8 54-45T 
Mois ture- Density Relations ASTM Designation: D 698 - 42 T  
Laboratory CBR Kentucky Modified Procedure 
( 3, pages 1 1 6- 1 1 9) 
A sma11 portion of the minus one micron .material was re cover -
ed b y  sedimentation and decantation from 1 7  selected soil sample s .  
The.se fractions , representing the near coUoid portion of the soil and 
consisting predominately of clay··type minerals , were leached with acid 
or othe rwise treated to remove x-ray scattering and masking impuri·· 
tie s and subsequently conditione d with e thylene glycol preparatory to 
analysis o r  identification by x-ray diffraction. 
The diffractometer was a Haye s instrument using Cu radiation, 
14  centimeter diameter twin cameras , and wedge -type powder mounts .  
Patterns we re recorded on film and the lines measured on a plain 
vernier - type scale . 
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ANALYSIS AND PRESENTATION OF DATA 
In orde r to be of value to the engine e r ,  data obtained from an 
inve stigation such as this must be pre sented in a form that is quickly 
and easily read and unde rstood. In an attempt to satisfy this require �  
ment it was decided to give first a pictorial repre sentation of each soil 
with a brief, general written de sc ription of each of the major horizons 
( see page 59 and fL ) ,  
This was followed by a table of typical engineering te st con­
stants , Rather than give the mean of the te st constants as obtained by 
laboratory te sting, it was felt that some significant range should be 
reporte d ,  With this in mind the 90  percent confidence limits for e ach 
te st constant were calculated and the value s recorded in the table . 
Since the number of sample s was small in each case , it was decided 
to base the se confidence limits upon a " t" or "Student ' s "  distribution 
rather than the normal distribution as was done on page 40 , With 
small sample size s ,  the "t" distribution will give better estimate s of 
the unive r se parameter . The confidence limits were calculated by the 
procedure given by Duncan { 1 6,  page s 345- 346) from the limited data 
obtained during this inve stigation. They are , however ,  so determined 
that regardle s s  of the number of time s the particular soil is sampled 
in the future the engineering te st constants will fall within the se limits 
90 percent of the time , The se rang e s ,  then, do have some significance,  
since a given horizon of a soil may be  repre sented by a more or  le s s  
narrow range of value s for a ce rtain property .  
The three clas s ifications ( textural, HRB ,  and group index) 
given in the table are not subje ct to the above mentioned analysis ,  but 
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are the actual designations given each sample , The table is  followed 
by a general discussion of some feature s and properties of the soil 
that might affe ct the enginee ring tre atment of that soiL 
This de s cription of each soil -·- a pictorial view of the p rofile 
with de scription, a range of values with statistical significance for 
ce rtain enginee ring .te st constants , and a general discussion of other 
items of interes t  - - could be used with the agricultural soil survey of 
the county and with the topographic maps of the area and be of great 
I 
value to the engineer in planning and carrying to completion the soils 
portion of his ·engineering work, 
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Chapter IV 
F AYETTE COUNTY 
LOCATION AND CLIMATE 
Fayette County, an irregularly shaped area of approximately 
2 80 square mile s ,  lie s in the central part of Kentucky within but near 
the eastern e dge of the Inne r Blue Gras.s Re gfon. The county ha.s a 
maximum north-south length of about 2 6  mUe s ,  and east-we st  dimension 
of 20 mile s .  
The county is s ituated near the southwestern edge of the Gray­
Brown Podzolic So.il Re gion of the Unite d State s whe re the climate is 
normally of the warm temperate rainy typ e ,  rarely marked by hot dry 
summer-s . The_mean annual precipitation for the a.rea is approximately 
43 inche s ,  nearly half of which falls between March and September .  
Table 1 give s the more impo.rtant c limatological data for Fayette 
County as recorded by the United State s Weather Bure au Station at 
Lexington . 
PHYSIOGRAPHY 
In gene r al ,  the te rrain of Fayette County is typical of the Inne r 
Blue Gras s Region, a broad undulating plain with no prominent knobs 
or range s of hill s . The natural land divisions are used to further 
describe the area, and e ach division has dis.tinct soil and physiographic 
characte ristics { se e  Fig. 1 3) .  
The smooth uplands have developed reddish-brown soil s  derived 
from phosphatic limestones .  The surface drainage of this area is at 
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Tlible 1 :  Normal Monthly, Seasonal, and Annual Tempe rature and 
Precipitation at Le.xingtot)., Kentucky 
T e �m p e _r a .t u r e P r e c i p i ta t i o n  
Total Total 
Amount Amount Snow 
Absolute Absolute Drie s t  Wette st Avg . 
Month Mean Max. Min.  Mean Yr . 1 930 Yr . 1 93 5 Depth 
( O F) 
( OF) 
( OF) (In) ( In) ( In) ( In) 
December 36. 0  7 1  - 9  3 , 6 1  l. 7 9  3 .  12 4. 0 
January 34. 1 80 - 1 5 4 . 45 4. 44 5 .  3 6  6 . 2  
February 3 5 .  3 7 6  - 20 3 , 20 2 . 9 1 2 . 22 4 . 5 
Winte r 3 5 .  1 80 - 2 0  1 1. 26 9 .  1 4  10 . 70 14. 7 
March 44. 1 86 - 1  4 . 56 2 . 54 7 . 44 3 . 0  
April 54. 0 9 1  1 5  3 . 5 1  0 . 8 1 4 . 36  0 . 4  
May 64. 1 9 6  3 0  3 . 66 3 . 3.5 1 0 . 32  0 .  1 
Spring 54. 1 96 - 1 1 1 . 73 6 . 70 22 . 12 3 , 5  
June 7 3 . 0 1 0 4  40 4 . 06 l. 89  6 . 5 5  T *  
July 7 6 . 4 1 0 8  4 7  4 .  2 7  0 . 45 9 . 66 T 
August 7 5 . 0 1 0 5  45 3 .  35 1 .  6 9  5 .  0 7  T 
Summe r  74. 8 1 0 8  40 1 1 . 6S 4. 03  2 1 . 2 8 T 
September 6 9 .  3 1 0 3  32  �2 . 78  2 .  80 4 . 46 T 
October 5 7 . 6 9 3  2 1  2 . 40 0 . 63 2 . 8 1  0 .  1 
November 44. 6 80 - 3  3 . 17 1. 59 4 . 3 9  1 . 2  
Fall 57 . 2  1 0 3  - 3  8 . 35 5 . 02 11 . 66 1 . 3  -
Year 55. 3 1 0 8  - 20 43 , 02 2 4 . 89  6 5 . 7 6  1 9 . 5 
'� T = Trace , le s,s than 0 .  0 1  inch 
LEGEND 
0 Smooth uplands 
P'.;i'7';l Hi l l  lands and associated 
� stream terraces 
� White oak lands 
F i g .  13 - Natural Land Divisions of Fayette County, Kentucky . 
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a minimum since the soil deve lops a natural s tructure which allows 
water to pe1:colate into and through the s oil . To the east of Lexington, 
the white oak lands have developed grayish�brown or yellowish-brown 
soil s .  The subsoils are plastic clays which impede internal drainage , 
thus the surface drainag,e system is more highly developed than in the 
uplands .  The area of the hill lands i s  small and repre sents some 
outlier s  of the Oute r Blue Gra s s  Region. 
The surface of Fayette County can be considered as an old base ­
level plain which has been uplifted and i s  now being dis se cted by the 
pre sent erosional cycle 0 Thi s cycle of erosion has developed minor 
drainage ways through V - shaped valleys . In the wes tern portion of the 
county the se  valleys are rathe r wide and gently sloping . To the e ast, 
whe.re dis se ction has o.ccurred to a greater degree , the valleys are 
,deep and narrow and sepa1:ated by sharp narrow ridge s .  The largest  
surface stream, the Kentucky Rive r ,  flows along the s:outheastern 
boundary of the county in a deeply entrenched U • s haped valley with 
narrow flo:od plains be tween th!'l river channel and the steep valley 
wall s . B oone C reek and othe r s mall branche s all of which flow into 
the Kentucky River provide the drainage system for the southeastern 
part of the county 0 To the northwest,  the surface drainage system 
consists of North Elkhorn Creek and its tributarie s ,  while the we ste rn 
third of the county is drained by South Elkhorn Creek and Town Branch. 
Drainage is well developed in the county, there  being practically no 
poorly drained are as . Much of this drainage , however ,  i s  through 
subterranian solution channel s ,  and the se,  as  well as  caves and s ink� 
hole s ,  are not uncommon, since many of the constituents of the lime­
s tone s that underlay the county are water soluble . 
EDEN FOR M ATION 
CYNTHIANA FORMATION 
WOODBURN LIMESTO N E  
BRANNON L I MESTONE 
BENSON L I M E STON E  
JESSA M I N E  LIMESTONE 
LOGANA F O R M AT I O N  
CURDSVIL L E  L I M ESTONE 
TYRONE L I MESTO N E  
OREGON L I M ESTO N E  
CAMP N E L S O N  LIMESTON E  
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GENERALIZED COLUMNAR SECTI ON 
FAYE TTE COUNTY, K ENTUCKY 
SCAL E :  314" • 100' 
F i g .  1 5  - Generalized Columnar Section. 
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strata that outcrop in the county is given in Table 2 ,  and the map in 
the Appendix shows the areal distribution of the se  formations . 
Period 
Cincinnatian 
(Upper 
Ordovician) 
Forn .ation 
Eden 
Table 2 .  Stratigraphy of Fayette CouAy , -�e ,tu�----------·--·------ -- --
Thickne ss 
(Feet) 
1 50 
D e s c ription 
Blue clay shale with thin lenses of fossiliferous, crystalline 
limestone of 5 to 10 feet thickne s s .  In the southern portion 
of Fayette County, the Garrard sandstone member is p r e s e <lt 
in upper part of the formation, This member is a light color­
----------- --------- e d  s i.ltstone o f  0 t o  7 0  feet thickne s s .  
Trenton 
(Middle 
Ordovician) 
:�lack River 
(Lower 
Ordovician) 
Cynthiana 
Woodburn 
Lime stone 
Brannon 
Limestone 
Benson 
3 5 - 140 
40 
1 5- 20 
35-40 
Medium crys talline limestone , shaly limes tone , occas ional 
siliceous mudflow. Fos siliferou s .  
Fine -to- coar s e - grained crys talline phosphatic limestone . F r e sb 
rock has a light gray granular appearance . Weather s  e a s ily to 
rusturay appearance with porosity developed by leaching. 
Fine - grained siliceous bouldery o r  conc retionary limestone 
with much shale in lower portion. Boulde ry appearance 
appears to be a mudflow structure; at other place s  an involved 
c ro s s - bedding. Upon weathe ring, give s rise to a chert zone, 
Medium to coarsely crystalline limestone in beds several 
Litr-e stone �:;�L ut: inches to over a foot thick. 
Jessamine 
Lime s tone 
Log ana 
--
Curdsville 
Lime stone 
Tyrone 
Lim e s tone 
Oregon 
Lim e s tone 
Camp Nelson 
7 5 - 80 
3 0 - 3 5  
20 
90 
1 5 - 3 5  
Hard gray-blue , thin-to-medium bedded limestone with thin 
layer s  of shale. 
Thin bedded, fine - grained, gray-blue argillaceous limes tone 
with interbedded shale. 
Cherty, coarsely crystalline gray-blue limestone . Medium­
to-heavy bedded with some shale partings 6 to 8 inche s thick. 
Dense, gray, buff, or cream - colored limestone with beds 
about 8" thick. Breaks with a conchoidal fracture with s mall 
facets of coarsely crystalline calcite expo s e d .  Weathe r s  to a 
chalky white appe arance with the darker calcite facets giving 
the appearance of 1 'birdseye1'.  Three laye r s  of interbedded 
bentonite , The first a foot thick, about 10 feet above the 
Tyrone-Oregon contact. The second, a few inche s to a few 
feet thick, about 1 0 - 2 2  feet below the Tyrone-Curdsville con­
tact. The third occurs at the Tyrone - Curdsville contact. 
Finely crys talline gray to buff magnes ian lime stone . Uniformly 
bedded in layer s  about 8 inches t o  a foot thick. 
A lime stone with irre gular patches of dolomitic material of 
Oregon type dis tributed through a dense m atrix of the Tyrone 
type . Weath e r s  to a honey_combed structure .  
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Chapter V 
SOILS OF FAYETTE COUNT Y AND THEIR SIGNIFICANCE 
The pedological soil map of Fayette County published in 1 9.31 is 
one of the five highe st rated county maps of Kentucky, The soH boun­
daries of this map are accurately delineated and modern nomenclature 
is used except in those instance s  listed in Table 3 .  
There are 1 7  soil se rie s and 2 8  soil types rec ognized and Ulled 
in Fayette County . All but three of the se se rie s were sampled during 
the pre sent inve stigation. The Cumberland, Fairmont, and Guthrie 
serie s were the one s not sampled since their combined areas account 
fo.r only thre.e- tenths of a per cent of the total area of the county ( see 
Table 4) . Also the location of the sample site s in the se soils would 
have been in doubt since the areas mapped were so small and removed 
from landmarks .  One hundred twenty-six samples  from 47 locations 
were obtained from the remaining 1 4  soil serie s .  No attempt was made 
to obtain a sample from each .soil type ; howeve r ,  1 8  of the 2 8  types are 
repre sen.ted .  
Most of the soils of the county are residual, developing for the 
most part from lime stones or calcareous shale s ,  The se soils are 
relatively plastic, as shown by laboratory te sts;  but nonetheles.s they 
are very well drained,  there  being practically no ·poorly d rained areas 
in the county. This well drained condition is  po ssible because the joints , 
c racks and solution channels of the bedrock allow the water to e scape 
quite rapidly and because the soils develop a fragmentary s tructure 
which re sults in a relatively permeable unit. When this natural struc ­
ture is de stroyed in engine ering construction, the soils become plastic 
and react in much the same manner as other clay� like materials .  
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Table 3 0 New and Old Pedological Nomenclature for 
______ _ __:F;:_,::a,
yette County, Kentucky 
Elk Silt Loam Elk and Captina Silt Loams 
Huntington Silt Loam 
Colluvial Pha se , 0 . , 0 0 ,  o 0 0 , , 0 0 ,  , 0 0 0 Manse Silt Loam 
Maury S ilt Loam, Imperfectly 
Drained Phase 0 0 0 , 0 0 0 0 0 0 0 0 0 0 , 0 0 0 0 , · Doner aiL Silt Loam 
Maury Stony Silty Clay 0 0 0 0 ,  0 0 0 0 0 0 0 0 0 0 0 Stony Lands ,  Maury S oil 
Material 
Muskingum Loam 0 , 0 ,  0 , 0 0 0 0 ,  0 , 0 0 0 0 , 0 0 0 Nichol son Loam 
R obertsville Silt Loam. 0 , 0 ,  0 , 0 0 ,  0 o o , o 0 0 Guthrie Silt Loam, Depre s ­
sional Phase 
Table 4. Proportionate Extent of the Soils Mapped in 
, _______ __ Fayette County, Kentucky 
Percent of 
Soil Series Total Area Soil Serie s 
Burgin 0 0 2  Hage r s town 
Cap tina 0 0 1 Huntington 
Culleoka 0 0 3  Loradale 
Cumberland 0 0 1 Manse 
Done rail 0 0 5 Maury 
Eden 0 0 3 Mercer 
Elk 0 0 2  Nichol son 
Fairmont 0 0 1 Salvisa 
Guthrie 0 0 l Rock Outcrop 
'=--�-
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Percent of 
Total Area 
5 0 2 
4 o 5 
9 o 9 
0 , 8  
55 0 0  
1 9 0 7 
0 0 3  
1 . 3  
1 . 4  
� 5 8  � 
Soils formed in alluvium cove r less  than six percent of the 
area of the county. The alluvium has been de rived from lime stone 
uplands .  
The topography is so gentle over most of the county that in 
most case s r ock excavation is  of no concern in highway construction. 
Howeve r ,  because of the solution channel s ,  bedrock prope rtie s do 
become a point of concern in connection with foundations for large 
building s ,  
The data re corded in tabular form in the Appendix were 
collected during the sampling and testing of the Fayette C ounty soils ,  
The se data have been reviewed and reor ganized and are pre sented in 
the following few page s in a form suitable for field use . 
PROFILE 
Or •0 
A 
15 
27 
�0 
.1: u 
.E 
.5 
.1: 
.... I \ 154 Q. 
Q) 
0 
BURGIN  
D E SCRIPTION 
Horizon A - Very dark brown to nearly black 
clay silt - friable . 
Horizon B - Gray t o  black, silty clay or clay 
silt - friable when dry, sticky and plastic when 
wet - mottled with yellow and reddish brown . 
Horizon C - Dark reddish-brown clay silt -
plastic - black and gray mottling - a few black 
cone retions . 
Bedrock - High- grade to moderately high - grade 
phosphatic limestone . 
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_____________________ BURG�IN�----�------------- ----
. Engineering Te st 
Constants A 
% Sand - 2 . 0 - 0 . 05mm 9- 1 8  
% Silt - 0 . 05-0 , 005mm 6 1 - 64 
% Clay - - 0 .  00 5mm 2 0 - 2 8  
Horizon 
B c 
2 0 - 3 1  9 - 78 
2 9 - 70 3 1 - 50 
1 0 - 4 1  0 - 4 1  
o/o C olloids --0 .  00 1mm 6- 10  2 - 1 8  0 - 1 8  
Liguid Limit, % 34- 49 3 5 - 52 3 8 - 5 4  
PlasticiEY_ Index, % 9-20  7-23 1 4- 2 5  
Max. Dry Density, PCF 89- 10 1 88- 104 1 0 3 *  
Opt. Moisture Con�ent, % 2 1 - 2 7  1 9 - 2 9  
Laboratory CBR ,  % 
Textural C lassification 
(Mi s s .  River _Comm) 
HRB C las sification - -
3 - 9  
Clay Silt 
· .  A- 7 - 6 
A- 6 
Clay Silt 
or Sandy Silt 
A.--:r:::t) 
A- 7 - 5 ;A-6 
• 
23* 
8*  
C lay Silt 
or Sil� Sand 
A- 7-
GrauE. Index s- 1 3  o - 1 3  7- 1 1  
Clay Mine rals *�� 
* Insufficient data to establish a me aningful range . 
** No x- ray diffraction pattern. 
** 
Topography: Intermittent drainage ways or upland depre s sions . Some 
of the areas are subject to occasional flooding. 
Drainage : .  Very poorly drained . 
Distribution: Located in many drainage ways of lime stone areas  of 
Kentucky, Ohio, Tenne ssee,  and Indiana . 
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G) 
.c 
u 
c 
c 
·-
.c 
-Q. 
G) 
0 
PROFI L E  
CAPT INA 
D ESCRI P T I ON 
01 &0 Horizon A - Yellowish-brown to grayish-brown 
silty clay - friable - contains some dark brown 
stains . 
A 
21 
I B 
c 
26 Horizon B - B r o.vn to yellowish-brown silty c lay ­
c ompact, friable , s lightly plastic in places ­
ye llow and gray mottling - a few dark brown con­
c retion s .  
1 10  
Horizon C - Old alluvium con sisting of sand , 
silt, and clay, with bed s of gravel in place s .  
- 6 1  -
CAPTINA 
Horizon* Enginee ring Test 
Constants A - -- - B 
% Sand � 2 .  0 - 0 .  05mm 1 0  7 
% Silt � 0 . 0 5-0 . 00 5mm 48 44 
% Clay - -0 . 00 5mm 42 49 
% Colloids � -0 .  00 1mm 1 5  1 8  
-
Liguid Limit, % 43 53 
Plasticity Index, o/o 1 7  2 7  
Ma:c. DryDensity, PCF 87  94 
Opt .  Moisture Content, o/o 24 24 
Laboratory CBR , % 5 7 
Textural Clas sification . Silty Clay Silty Clay 
{Mis s .  River C omml ___ _ 
HRB C las sification A� 7 � 6  A- 7 � 6  
Group Index 1 1  1 7  
Cla,y Mine ral s Illite 
* Insufficient data to e stablish a meaningful range . 
Topography: Nearly flat stream terraces,  
Drainage : Slow. 
c 
No 
Sample 
from 
c 
Horizon 
Distribution: Kentucky, Tenne ssee , W e st Virginia, Virginia, Southern 
Indiana and Ohio . 
General: The alluvium from which the se soils are de rived has been 
carried from ar eas of limestone . Thickne ss of profile is 
variable , unweathe red bedrock occurring at depths of 3 to 
1 5  fee t .  
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Ill CD .s:::: u 
.E 
.5 
.s:::: 
-a. 
CD 
0 
PROFI L E  
o. i10 
I \ '128 
CULLEOKA 
D E SCRIP T I O N  
Horizon A - Dark yellowish-brown silty clay -
friable - c ontains fragments of sandstone or other 
rock. 
Horizon B - B rown to yellowish-brown clay or 
silty clay - friable when dry, plastic when wet -
very few and small black concretions - r ock frag­
ments a s  in A Horizon . 
Bedrock - Porous fine - grained sandstone ove r  
inter stratified s oft shales  and lime stone s .  
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CULLEOKA 
Engineering Test Horizon 
Constants A B 
--
o/o Sand- 2 .  0 - 0 .  0 5mm 1 1 * 8 - 1 2  
o/o Silt - 0 .  0 5 - 0 .  00 5mm 54* 1 7- 59 
o/o C lay - - 0 .  00 5mm 
o/o Colloids - - 0 .  OO l mm 
Liquid Limit, o/o 
Plasti5'ity Index, o/o 
Max. Dry Density, PCF 
3 5'' 
1 2 �� 
44* 
26*  
96* 
3 4 - 72 
1 8- 30 
43* 
20*  
94- 1 0 4  
Opt . Moisture Content, o/o 2 3 *  2 1 -26  
Laboratory CBR ,  o/o 6* 0 - 7  
Textural Classification 
(Mis s .  River C omm) 
Silty Clay Clay 
HRB Classification A-7-6  A- 7 - 6 ;  A- 6 
Group Index 1 5  1 1 - 1 4  
_9lay Mine ral s Illite 
*Insufficient data to e stablish a meaningful range . 
Topography: Hilly areas on steep slope s divided by narrow ridge s .  
Drainage: Well d rained . Runoff medium to rapid, internal drainage 
moderate . 
Distribution: Central Kentucky and Central Basin area of Tenne s see. 
General: 
Mode rately young soil s occurring in association w ith Eden, 
Fairmount, Hicks and Inman soils . 
The underlying geolo gic stratum is generally different from 
that giving rise to the major part of the parent material, 
which has moved downslope to its pre sent po sition . Many 
of the area s  are covered with stone fragments 6 inches to 
a foot acros s .  
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PROFILE 
DON ERAIL 
D ESCRI P T I O N  
Oa aO Horizon A - Dark brown, sandy silt - firable . 
Cl) •5 .c 
u 
.5 
.5 
.c 
-iCI. 
t) 
c 
c 
IBedroc: 
. 2 
42 
Horizon B - B rown to yellowi sh-brown clay 
silt - compact, fr iable . 
Horizon C - Yellowi sh-brown silty clay - com­
pact - mottled gray and yellow - some small 
black concretions . 
102 Bedrock - level bedded argillaceous pho sphatic 
lime stone . 
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Engineering Test 
Constants 
% Sand � 2 .  0 - 0 .  0 5mm 
%. Silt - 0 , 0 5-0 . 00Smm 
% C lay - - 0 .  005mm 
% Colloid s - -0 .  00 1mm 
Li51uid Limit, % 
Plasticity Index, % 
Max. Dry Density, PCF 
Opt. Moisture Content, % 
Laboratory CBR , % 
Textural Classification 
_!Mi s s .  River Comm) 
HRB Clas sification 
Gr oup Index 
Clay Mineral s 
DONER AIL 
A 
34 
1 1  
A-6 
Horizon* 
B 
-
1 6  
5 7  
2 7  
10  
30  
8 
106 
-
1 8  
Clay Silt 
A-4 
8 
·� Insufficient data to e s tablish a meaningful range . 
Topography: Nearly level to undulating . 
No 
Sample 
from 
c 
Horizon 
Drainage : Poorly to mode rately drained .  Surface runoff slow; internal 
drainage moderate to slow . 
Distribution: Occurs in close as sociation with Maury soils in the Inner 
B lue Gra s s  R e gion of Kentucky and the Ou ter Basin Area 
of Tenne ssee . 
� 66 -
IIJ 
q> 
.c 
u 
c 
.5 
.c -a. 
Q) 
0 
PRO F I L E  
76 
Bedroc 
E DE N  
D ESCRIP TION 
Horizon A - Grayish-brown c lay or clay silt -
F r iable when dry, pla stic when wet .  
Horizon B - Yellow to ye llowish-brown clay o r  
silty clay - Mottled gray and black - - a few 
small black concre tion s .  
Horizon C - Ye llowi sh- Brown to olive br own 
c lay - gray and black mottling - a few black 
c onc r etions - contains many partially weathered 
fragments of bedrock. 
B edrock - Shale s interstratified with silt stone s 
and thin-bedded lim e s tone . 
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EDEN 
Enginee ring Te st Horizon 
Constants A B c 
.'f? Sand � 2 .  0 � 0 .  0 5mm 14* 0 � 1 7  0 � 12  
% Silt � 0 .  0 5 � 0 . 00 5mm 43* 34- 4 1  3 3 - 3 7  
% C lay - -0 . 0 0 5mm 43* 44-69 56-66 
% Colloids --0 .  OOlmm 16�< 1 8- 3 3  2 5 - 3 1  
!;..!guid Limit, % 44- 67 43-63  45-65 
Plastic�ity Index, % 1 1 -34 1 7� 3 3  2 2 � 3 1  
Max. Dry Density, PCF 83- 94 9 0 � 9 9  9 3 - 1 0 3  
Opt .  Moisture Content, % 2 5� 32 2 3 � 2 8  1 8� 2 6  
Laboratory CBR , % 2 � 6  1 � 6  1 � 6  
Textural Classification Clay or C lay or C lay or 
(Mi s s .  Rive r ,  Comm) Clay Silt Silty Clay . Silty Clay 
HRB C la s sification A- 7�5  A - 7 - 6  A� 7 - 6 ;A-6 
Group Index 10- 1 7 1 3 - 1 9  8- 1 8  
Clay Mine ral s - - - - Illite 
* Insufficient data to e stablish a meaningful range . 
Topography: Moderately steep hillside s and narrow ridge s .  
Drainage : Well drained . Surface runoff rapid; internal drainage slow . 
Distribution: Blue Grass Re gion of Kentucky and Southe rn Indiana and 
Ohio . 
- 6 8  -
PROFILE 
Oi 10 
9! 
ELK 
D ESCRI P T I ON 
Horizon A - Dark brown to dark reddi sh­
brown sand o r  silty sand - very friable . 
3 
Cll Q) .I: (.) 
..5 
c: 
.I: -a. Q) 
0 
B 
c 
35 Horizon B - B r own to yellowish-brown s ilty 
sand or clay sand - fr iable to firm when moi st,  
s lightly sticky and slightly plastic when wet, 
slightly hard when dry - few small black con­
c retions - faintly mottled with yellowish- red in 
lowe r portion . 
135 Horizon C - Light yellowish-br own silty sand -
some grave ls in pockets or strata . 
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Engineering Te st 
Constants 
o/o Sand � 2 ,  0 � 0 ,  05mm 
% Silt - 0 , 0 5 - 0 , 00 5mm 
o/o C lay - -0 ,  00 5mm 
% Colloids - - 0 , 00 1mm 
Lig,uid Limit, o/o 
Plasticity Index, o/o 
Max, Dry ])ensity, PCF 
Opt ,  Moi sture Content, o/o 
!,>aboratory CBR , o/o 
Textural Classification 
(Mi s s ,  River Comm) 
HRB Classification 
group Index 
Clay Mine rals 
E LK 
A 
6 3 � 9 5  
6- 1 5  
0 � 2 3  
0 - 9  
NL 
NP 
100- 1 1 4 
1 3 - 1 7  
16*  
Sand or 
Sil!z Sand 
A�2-4;A,·4 
0 � 8  
Horizon 
B 
3 0 � 80 
1 4 - 3 7  
6 - 3 2  
2 - 1 5  
NL 
NP 
99- 1 1 2 
14- 1 8  
9� 12  
Silty Sand 
or Clay 
A-4 
2 � 7  
*Insufficient data to e stablish a meaningful range , 
c 
1 9� 1 0 0  
1 5- 3 7  
0 - 45 
0 � 9  
NL 
NP 
100�  1 1 5  
1 5- 1 9  
8- 1 6  
Silty Sand 
A- 4  
2 � 3  
Kaolinite 
and Illite 
Topography: Level to gently sloping stream ter race s of old alluvium , 
Drainage : Well drained , Me dium runoff and internal drainage , 
Distribution: Lime stone areas of Kentucky, Tenne ssee,  Pennsylvania, 
Maryland, Vir ginia, West  Virginia, Arkansas,  and Missouri, 
Membe r of the Elk- Captina-Taft-Robertsville�Bagnell 
Catena, 
General: The se alluvial depo sits consist of sediments wa shed from s oil s 
developed in re siduum, predominately of lime stone , The 
thickne s s  of the alluvium range s from about 3 to 25  feet,  thus 
the profile varie s cons iderably in thickne s s ,  Pbckets or 
strata of gravel may occur at depths of 4 or 5 feet ,  or may 
be distributed throughout the profile , 
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PROFILE 
o. .o 
6 
30 29 
Ill CD .c (,) 
1:: 
.E 
.c -a. CD 
0 
51  
B 
c 
101 
133 
Bedrock 
HAGERSTOWN 
D ESCRI P TION 
Horizon A - Grayish-brown or dark brown silty 
clay or clay silt - friable . 
Horizon B - Light brown to reddish-brown silty 
clay or clay silt - friable when dry, plastic and 
sticky when wet - common black concretion s .  
Horizon C - Light reddish-brown to yellowish­
brown clay or silty clay - firm and slightly 
c ompact ,  brittle when damp . 
B edrock - Mas sive , hard lime stone . 
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Engine ering Te st 
· Constants 
o/o S<:tnd - 2 .  0�0 . 05mm 
o/o Silt - 0 .  0 5 - 0 .  00 5mm 
· % Clay � - 0 ,  00 5mm 
o/o Colloids - -0 . 00 1m m  
Lig,uid Limit, % 
Plasticity Index, % 
Max. Dry Density, PGF 
OpL Moisture Gont_ent, 
% 
Laboratory GBR , % 
Textural Clas sification 
(Mi s s .  River Gorum) 
HRB Gla.s sifica.tion 
Group Index 
Gla.y Mine rals 
HAGERSTOWN 
Horizon 
A B 
5-20 1 3 -20 
5 0 - 5 9  3 1 - 6 7  
26-40 1 9 - 50 
7- 1 9  6 - 2 4  
3 2 � 3 9  36-45 
1 0 - 14 1 6- 20 
100- 102 97- 104 
20-24 20-26 
3- 12  5 - 1 2  
Silty Gla.y Silty Gla.y 
or Gla.y Silt or Gla.y Silt 
A- 6 A- 7 - 6 ;A-6  
8 - 9  1 1 - 12 
� - - -
Topography: Level to gently rolling terrain. 
G 
9 - 34 
3 0 - 3 3  
34-60 
1 7 - 3 5  
40 - 5 6  
1 4 - 2 8  
87- 1 0 4  
22-30 
2 - 3  
Clay or 
Silty Gla.y 
A- 7 - 6 ;A-6 
8- 1 8  
Illite 
Drainage: W ell drained . Surface and internal drainage goo d .  
Distribution: Lime stone areas in Pennsylvania., Maryland , W e st Virginia., 
Virginia., Kentucky, and Indiana. . 
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1/) 
Q) 
.c 
(.) 
c: 
. 5 
.c 
-c. Q) 
Cl 
PROFILE 
o, 10 
A 
9� 
I c 
HUNT INGTON 
D ESCRI PTI ON 
Horizon A - Dark brown to dark yellowish­
brown sitty clay or clay silt - very friable . 
Horizon C - Dark brown to dark grayish­
brown silty sand or clay sand - friable -
mottled light brownish gray to very dark 
brown . 
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Engineering Test 
Constants 
�o Sand � 2 .  0 - 0 .  0 5mm 
o/o Silt - 0 .  0 5� 0 .  0 0 5mm 
o/o Clay - - 0 .  00 5mm 
o/o Colloids - - 0 .  OO lmm 
Liguid Limit, o/o 
Plast�city Index, o/o 
Max. Dry Density, PCF 
HUNTINGTON 
Horizon 
A 
4-20 
49- 7 1  
9·47 
9- 12 
3 2 - 3 9  
9- 10 
94* 
c 
0 - 86 
7 - 6 9  
6-42 
6 - 1 1  
3 2 - 5 1  
1 2 - 1 7  
1 0 2 - 1 0 4  
Opt. Moi sture Content, o/o 24* 2 0 - 2 6  
Laboratory CBR, � 
Textural Classification 
(Mis s .  River Comm )  
HRB Cla s sification 
Gr oup Index 
�lay_Mine�r�a�l�s 
__________ ___ 
2 - 7  
Silty Clay or 
Clay Silt 
A-4 
8 
•:< Insufficient data to e s tablish a meaningful range . 
*'� No x- ray diffraction pattern. 
Silty Sand 
or Clay Sand 
A- 7 - 5 ;  
A - 7 - 6  
3 - 1 0  
** 
Topography: Nearly leve l to sloping fir st bottoms .  Gradients usually 
range from 1 to 3 percent, 
Drainage : Well drained but subject to o ccasional overflow . 
Distribution: Well drained member of the Huntington- Lindside -Newark­
Melvin-Dunning Catena in Pennsylvania, Maryland, We st 
Virginia, Vir ginia, Indiana, Ohio, Kentucky, Tenne s se e ,  
Georgia, Alabama, Arkansa s ,  and Mi ssouri .  
General: The se soils are composed of young sediments derived largely 
from lime stone upland , with some components of sand­
stone and shale . 
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PROFILE 
2 
• 
CD 
.c 
C) 
c:: • • c 172 c:: ·-
.c 
-
a. 
� 
150 
Bedro 
LORA DALE 
D E SCRIPTION 
Horizon A - Dark grayish-brown to dark 
reddish-brown clay silt o r ,  occa sionally, 
silty clay - friable . 
Horizon B - Dark brown to reddish-brown 
silty clay or clay silt - sticky and plastic 
when wet, firm when moist, hard when dry -
a few small round dark concre tions near top 
of horizon increa sing to many small and 
medium round concretion s ,  giving way to 
abundant splotche s of soft irre gularly shaped 
concretionary material mottled yellowish­
brown to browni sh- g ray in lower portion of 
horizon . 
Horizon C - Light olive brown to yellowish­
brown clay - very sticky and very plastic 
when wet, very firm when moist, very hard 
when dry - a few small r ound dark conc r e ­
tions and some soft, black, irre gularly shaped 
concr etionary material - mottle s of brownish­
gray or light olive gray common. 
Bedrock - Inte rbedded high- grade , medium 
phosphatic lime stone s and calcareous shale s .  
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----------------------�L�O�RADA�L_E ______________ __ 
Engineering Te st 
Constants 
"/o Sand - 2 .  0-0 . 05mrn 
%. Silt - 0 . 0 5 - 0 , 00 5mrn 
% Clay - - 0 . 00 5rnm 
% Colloid s - -0 .  O O lmrn 
Lig,uid Limit, % 
Plasticity Index ,  % 
¥ax. Dry Density, PCF 
Opt.  Moisture Content, % 
Laboratory CBR , % 
Textural Classification 
(M is s .  River Comm) 
HRB C la s sification 
Group Index 
Clay Mine ral s 
A 
9- 1 5  
5 6 - 6 3  
2 5 - 32 
7- l l  
3 3 - 39 
1 1 - 1 5  
97- 104 
2 0 - 22 
5- 10  
C lay Silt 
or Silty Clay 
A-6 ; A- 7 - 6  
8- 10  
Horizon 
B 
1 7 - 3 4  
3 0 - 48 
3 1 - 4 1  
1 2 - 1 9  
3 3 - 4 1  
1 2 - 2 1 
96- 1 0 6  
2 1 - 2 5  
2 - 1 8  
Silty Clay 
or C lay Silt 
A-6 ; A-7-6 
A- 7 - 5  
8- 1 4  
c 
14-24 
2 6 - 2 9  
4 9 - 5 8  
3 1 - 3 5  
5 1 - 5 9  
1 8 - 32 
84- 9 1  
2 8 - 3 3  
4- 8 
Clay 
A- 7-5 
A- 7 - 6 
14-20  
Illite 
Topography: Moderately rolling topography exhibiting in some a.rea·s ·. a 
slight Kar st configuration . Soil develops on gently sloping 
ridge tops and hillside s with slope s of 3 to 1 5  percent, occur­
ring most commonly on the gentler slope s .  
Drainage : Well drained; runoff medium to rapid; internal drainage medium. 
Di stribution: Extensive in the Inner Blue Gras s  Re gion of Kentucky and the 
Central B.asin Area of Tenne s see . C losely associated with 
Mercer soils . 
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en 
CD 
..&: 
(,) 
c: 
c: 
·-
..&: 
.... Cl. 
CD 
c 
PROF ILE 
o. .o 
A 
2 _ _  
--26 I ' - I 
-63 
I 
c 
MANSE 
D ESCRIPT I ON 
Horizon A - Dark brown clay silt - friable . 
Horizon B - B rown to yellowish-brown sandy 
silt - friable - c ommon small black concre ­
tions and splotche s .  
Horizon C - Olive brown to black clay silt or 
sandy silt - firm and friable - many small 
black c oncretion s .  
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Engineering Test 
Constants 
o/o. Sand � 2 .  0 - 0 .  0 5mm 
o/o Silt - o .  o 5-0 . oo 5mm 
% Clay - - 0 . 0 0 5mm 
MANSE 
A 
1 9  
6 1  
2 0  
Horizon:.:� 
B c 
7 2 3  
74 57 
1 9  20  
o/o C olloid s - -O . OO lrnm 3 5 8 - � 
Liquid Limit, o/o 
Plasticity Index, % 
Max. Dry Density, PCF 
2Pt .  Moisture Content, o/o 
_baboratory CBR , % 
Textural Classification 
(Mis s .  River Comm) 
HRB Cla s sification 
Group Index 
Clay Minerals 
3 7  
3 
8 8  
2 8  
5 
Clay 
Silt 
A- 4 
8 
3 8  
1 3  
96 
2 3  
5 
Sandy 
Silt 
Ac• 6 
9 
* Insufficient data to e s tablish me aningful range s .  
** No x- ray diffraction pattern . 
3 6  
6 
94 
2 5  
Sandy Silt 
or Clay Silt 
A - 4  
8 
** 
Topography: Gentle toe - slope s and alluvial fans with gradients of about 
3 to 8 percent .  
Drainage : Well drained to mode rately wel l  draine d .  Runoff and internal 
drainage are medium . 
Distribution: The Blue Grass Re gion of Kentucky and the Central Basin 
of Tenne ssee . 
General: The se soils are developed in local alluvium washed from upland 
soils of lim e stone origin. De pth to limestone bedrock may 
be several fe et .  In some place s this profile re sts on a buried 
B horizon. 
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1/) 
Q) 
..c 
() 
c 
c 
..c 
-
a. 
Q) 
0 
PROFILE 
0 0 
61 
I \ 
. . 
A 
_ C  
I \ 
\ 174 
196 
144 
Bed roC' 
MAURY 
D ESCRI PTION 
Horizon A - Dark brown or dark reddish-brown 
silty clay or clay silt - - very friable - - a few 
very small, almost black, round concre tions .  
Horizon B 1 - Dark reddish-brown to reddish­
brown silty clay or clay silt - - friable in top 
portion be coming sticky and slightly plastic when 
wet in lower portion, firm when moist, hard 
when dry - - small , black concretions that in­
crease in numbe r with depth. 
Horison Bz - Ye llowish-red, slightly variegated 
with brown, silty clay or clay - - sticky and 
plastic when wet, firm when moist, hard when 
dry - - many small , round , black conc retions - ­
some soft, irregularly shaped concretionary 
splotche s - - a few weathered fragments of chert 
and lime stone in the power portion. 
Horizon C - Yellowish- red to brown silty clay 
or clay, mottled with dark brown and yellowish ­
brown - - sticky and plastic when wet, firm when 
moist, very hard when dry - - few to common 
small, black concretions and soft, irre gularly 
shaped concretionary splotche s - - many weathe red 
fragments of che rt and lime stone that increase in 
number with depth. 
Bedrock - Highg rade phosphatic lime stone . 
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Engineering Te st 
Constants 
% Sand - 2 .  0 - 0 , 0 5mm 
% Silt - 0 , 0 5 - 0 , 00 5mm 
% Clay - .... o . oo 5mm 
% C olloids - -'0 , 00 1m:t;n 
_!..l9.uid Limit, % 
Plastic ity Index, o/o 
Ma;><, Dry Density, PCF 
Opt. Moisture C ontent, o/o 
Laboratory CBR , o/o 
Textural Classification 
(Mis s .  River C omnv 
HRB Cla s sification 
Group Index 
Clay Minerals 
MAUR Y 
A 
5- 14 
5 5 - 5 9  
2 9- 38 
9- 14 
3 5 - 38 
1 1 - 1 3 
9 3 - 104 
2 0 - 2 5  
3- 1 7  
Silty Clay 
Clay Silt 
A�6 
A - 7 - 6  
8- 10 
Horizon 
B l B2 
1 2 - 20 1 0 - 24 
44- 53  2 2 - 45 
2 8 - 40 3 5- 64 
1 0 - 1 8  1 8 - 45 
3 8 - 4 1  47 - 54 
1 5- 1 9  1 9 - 2 3  
9 8 - 1 0 3  
2 1 - 2 3  
7- 1 1  
Silty Clay 
Clay Silt 
A-ti 
A - 7 - 6  
8- 1 1  
92-98  
24- 2 9  
1 - 1 3 
Silty Clay 
Clay 
A-7:::{; 
A- 7 - 5  
1 2 - 1 6  
�' Insufficient data to establish a meaningful range , 
c 
1 2 � 2 5  
2 5- 47 
2 6 - 6 5  
8 - 43 
45- 6 1  
1 8 - 32 
9 0 - 99 
2 4- 3 3  
3 *  
Silty Clay 
Clay 
A- 7-6 
A- 7 - 5  
1 2 - 20 
Illite 
Topo&raphy: Gently to steeply sloping terrain with gradients generally 
2 to 1 2  percent and some as great as 20 percent. Many 
areas have Karst  topography, 
Drainage : Well drained , Runoff and internal drainage are medium , 
Distribution: The most extensive of the highly phosphatic soils in the 
Inne r Blue Gras s Re gion of Kentucky and the Outer Basin 
Area of Tenne sse e ,  Found in close ge opraphic a s sociation 
with soils of the McAfee ,  Braxton, Salvisa, Hager stown, 
Loradale , Hampshire ,  Culleoka, Inman, and Hicks serie s ,  
- 8 0  -
" · 
PROFILE 
Oi 10 
3 
MERCER 
D ESCRI PTION 
Horizon A - Dark grayi sh-brown to dark 
yellowish-brown clay s il t ,  o r ,  occasionally, 
silty clay - friable . 
2 
Horizon B - Yellowish- brown silty clay -
friable when moist increasing in firmne s s  
until becoming brittle with depth. Sticky 
. 5 I \ .r:. 
-
Q. 
CD 
0 
when we t - a few small round black conc r e ­
tions inc reasing in numbe r and then gradually 
giving way to ve ry abundant soft black, ir ­
regularly shaped conc retionary splotche s with 
greate r depth - strong brown to light- brown­
i sh- gray di stinc t mottling near bottom of 
horizon . 
159 Horizon C - Strong brown to light olive - gray 
clay or silty clay - mottled with yellowish­
brown - firm when moist, sticky and very 
plastic when we t ,  ve ry hard when dry - a few 
small round black concre tions . 
drockl 
99 Bedrock - High- grade , medium phosphatic 
lime stone s with strata of calcareous shale s .  
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MERCE;;;.;R'--------------
Engineering Te st 
Constants A 
Horizon 
B c 
o/o. Sand � 2 " 0 -0 o 0 5mm 8 - 2 3  14-22  1 8- 3 7  
"/o Silt - 0 "  0 5 - 0 "  00 5mm 52-63  3 7 - 5 5  3 2 - 3 6  
% C lay - -:0 0 00 5mm 2 1 - 32 3 1 -42 2 3 - 6 1 
% C olloids - -0 0 0 0  1mm 5 - 9  1 2 - 1 8  1 1 - 36 
Ligui.d Limit, % 3 6 - 42 3 6 - 4 1  2 8 - 5 6  
Pla sticity In�ex, % 8- 1 3  14- 1 9  3 - 3 5  
Maxo Dry Density, PCF 88- 1 0 8  99- 1 0 8  9 3 - 1 0 9  
Opto Moisture Content, % 1 6 - 2 8  1 8- 2 3  _20-�� 
Laboratory CBR , % 
Textural Classification 
(Mis s "  River Comm) 
HRB Clas sification 
Gr oup Index 
Clay Mine rals 
2 - 1 1  
Clay Silt 
or Silty Clay 
A�4;A-6 
A- 7 - 6  
8 - 1 0  
3 - 1 8  
Silty Clay 
A�b 
A - 7 - 6  
9- 1 1  
* Insufficient data to establish a meaningful range 0 
9* 
Clay or 
Silty Clay 
A-b 
A - 7 - 6  
1 1 - 1 8  
Illite , 
Kaolinite &: 
Montmorillo­
nite(Nontronite) 
Topography: Nearly level to slightly sloping ridge tops with gradient 
usually from about 1 to 7 percent, sometimes as high as 
10 percent , 
Drainage: Moderately well drained o Runoff is slow to medium , internal 
drainage is slow 0 F:ragipans often encountered at depths of 
1 5  to 30 inche s and range in thickne ss of about 1 0  to 2 0 inche s o  
Distribution: Fairly extensive soils of the Inne r Blue Gras s  Re gion of 
Kentucky and the Outer B.asin of Tenne s see 0 Found in close 
ge ographic as sociation with the Hampshire , Inman, Loradale , 
Hagerstown, Maury and Eden serie s o  
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PROFIL E 
lli"""""'"--.0 
14 
In • •  • 48 
CD 
.r:: 
� 
. 5 
.r:: 
... a. 
CD 
c 
1 10 
Bedroe 
N ICHOLSON 
D ESCRIP T I ON 
Horizon A - Brown clay silt , or , occa sion­
ally, silty clay - very friable . 
Horizon B - Dark yellowish-brown or brown 
silty clay or,  occasionally, clay - friable in 
top por tion becoming firm , compact, and 
brittle when moist, sticky when we t ,  and very 
hard when dry in the lower portion - a few 
small round black concre tions which increase 
in number with depth - pale brown or light 
brownish- gray mottling . 
Horizon C - Yellowish-brown silty clay with 
many mottle s  of light olive -brown or light 
gray - very firm when moist, sticky and 
plastic when wet, very hard when dry . 
Bedrock - Siltstone . 
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Enginee ring Test  
Constants 
o/o Sand � 2 . 0 - 0 . 0 5mm 
o/o. Silt - 0 . 0 5-0 . 00 5mm 
.fo C lay - -0 .  00 5mm 
o/o. Colloids - -0 .  00 1mm 
Lig_uid Limit, o/o 
Plasticity Index, o/o 
Max . Dry Density,  PCF 
O.E.t .  Moisture Content, o/o 
Laboratory CBR , o/o 
NICHOLSON 
A 
9- 1 9  
48-66 ' 
1 7- 43 
5- 1 8  
2 4- 45 
3- 1 8  
9 5* 
24* 
7�' 
Horizon 
B 
8- 1 8  
4.0 - 5 1  
3 2 � 52 
1 3 6 2 3  
3 1 -47  
1 1 - 2 1  
97- 104 
2 0 - 2 4  
6* 
· Te xtural Classification C lay Silt Silty Clay 
(Mi s s .  River Comm) or Silty Clay or Clay 
-
A-4 A-6 
c 
7 - 3 5  
40-43 
2 5-41  
1 6 - 2 8  
3 6 - 4 1  
5 - 2 4  
94* 
26* 
7* 
Silty Clay 
HRB C las sification A- 7-6;A-6 A- 7 - 6  A - 6  
Group Index 8- 1 3  9 - 1 6  9 - 1 0  
C lay Mine rals Illite 
'-'Insufficient data to e stablish a meaningful range . 
Topography: Soils occupy broad divide s  and narrow ridgetop s above 
steep slope s and with gradients of 3 to 10  percent . 
Qrainage: Well drained to moderately well drained ,  medium runoff, per� 
me ability of upper solum is moderate , of lower Solum slow . 
Depth to fragipan ranges from about 2 8  to 48 inche s ,  with 
thickne s s  of fragipan considerably variable . 
Di stribution: In extensive soil s in the Oute r B lue Grass and the Knobs � 
of Kentucky . Occupie s relatively gentle slope s above steepe r 
slope s of Eden, Culleoka ,  and Fairmount soil s .  
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PROFIL E  
SALVISA 
D ESCRI PT I ON 
o. .o Horizon A - Very dark grayish brown clay 
silt - friable to firm . A 
1 2  Horizon B - B rown to yellowish-brown silty 
c lay or clay silt - very firm when moist , 
sticky and slightly plastic when wet,  very 
hard when dry - a few small black concretion s .  
I \ "' l32 Horizon C - Dark br own to yellowish-br own 
silty c lay or clay silt - very firm when moi st, 
sticky and pla stic when wet,  very hard when 
dry - some distinct mottling - few to common 
black concretions . 
drock 
62 B e drock - Hard ,  thin bedded lime stone with 
interbedding of gray calcareous shale . 
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Engineering Te st 
Constants 
o/o Sand - 2 ,  0 -·0 , 0 5mm 
o/o Silt- 0 ,  0 5 - 0 ;  00 5mm 
o/o C lay - - 0 ,  0 0 5mm 
o/o Colloids - - 0 , 00 1mm 
Lisuid Limi,t, o/o 
Plasticity Index, o/o 
Max , Dry Density, PCF 
OJ?.L Moisture Content, o/o 
Laboratory CBR , o/o 
Textural Classification 
(Mis s ,  River Comm) 
HRB C la s sification 
Group Index 
Clay Minerals 
SALVISA 
A 
1 5- 2 6  
5 2 - 6 3  
1 2 - 3 3  
5 - 8  
2 8 - 3 8  
5- 1 1  
1 0 1 *  
2 2 *  
7* 
Clay 
Silt 
A- 4;A- 6 
6 - 8  
Horizon 
B 
7 - 20  
52 - 6 1  
2 8- 32 
8- 1 1  
28-47 
1 0 - 1 7  
9 2 - 1 0 5  
2 0 - 2 6  
4- 1 7  
Silty Clay 
or Clay Silt 
A - 6 ;A- 7 - 6  
8- 1 1  
* Insufficient data to e s tablish a meaningful rang e ,  
·� 
1 2 - 2 0  
3 1 - 6 3  
2 3 - 5 2  
9 - 2 8  
24-69 
8 - 3 7  
80 - 10 9  
1 9 - 3 2  
1 - 9  
Silty Clay 
or Clay Silt 
A- 7 - 6 ;A-6 
ll -20  
Illite 
Topography: Sloping to steep hillsides with gradients of 6 to 30 percent, 
Drainage: W ell drained , Rapid surface runoff, moderately slow internal 
drainage , 
Distribution: Not very extensive soils of the Inner Blue Gra s s  Re gion of 
Kentucky and the Central Basin of Tenne s see , Closely as.� 
sociated with the Maury, Hamp shire , Loradale , and Hage r s ­
town soils , 
General: Depth to bedrock range s from a few inche s to about 5 feet , 
er osion having seriously truncated the profile in some place s ,  
Outcrops  of thin, hard limestone ledge s are characteristic , 
with many areas covered with large , plate - shaped stone s ,  
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Chapter VI 
RESULTS AND RECOMMENDATIONS 
Insofar as the Fayette C ounty survey was intended to serve more 
as a pilot study than as a sear ch for particular information, its primary 
"re sults" could only be in its over-all succe s s ,  demonstrating the prac ­
ticability of its approach to the engineering soil s problem , This is  not 
to say that the soil s serie s  de scriptions determined in the study and pre � 
sented in Chapter V are not of importance and value ; but that the real 
intent was to determine whether the proposed method would be feasible , 
It is  felt that the study was quite succe s sful, and that it indicate s the 
potential value of the methods in carrying out the making of a complete 
serie s of engineering soiL surveys for the entire state , It is  felt also 
that much was accomplished in solving many of the problems of materials,  
e quipment and procedur e s  that such work would entaiL 
It must be admitted that part of the succe s s  of the Fayette County 
project was a consequence of the accuracy and ready availability of a 
pedological soils map, which by no means would be available for all 
countie s in the State , This circumstance , howe ver ,  would not render 
the method usele s s  in countie s where such maps are not available ; 
the re would be several ways of reme dying thi s,  either through the use 
of expe rtly interpreted air photos or through the making of other suitable 
map s or classifications , 
The study pre sents an engineering de scription for 1 4  of the 
soil se rie s mapped in Fayette County; Kentucky, representing a be­
ginning for a complete engineering soil survey for the state , in which 
each of the 208 soil serie s  used in Kentucky would have a de scription 
similar to those given herein, 
- 87 � 
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A survey program for the entire state might follow any one , or 
a combination, of three alte rnative s .  First,  the engineering significance 
of pedological soil cla ssifications might be determined on a county-by­
county ba sis similar to that used for the pre sent inve stigation. This 
method, howeve r ,  could be used only for those countie s for which ac­
curate pedological maps have been prepared . Thus it is rather limited 
since .so few countie s in Kentucky are mapped and since mapping i s  
progre ssing so slowly . But when it is  po s sible to use thi s approach it 
wilt pr ovide a soil survey complete with engineering soil de scriptions 
as well as areal distribution. 
A second approach to the survey program might be through 
sampling each of the soil se rie s and determining their engineering 
propertie s .  Thi s method can not alone furnish a complete survey, since 
the areal distributions of the soils will be unknown until pedological 
maps become available . Limited pedological surveys could be made 
for individual projects and the engine ering soil descriptions applied . 
This approach will probably prove to be the mo st profitable on a long 
range program . 
The last approach would be to combine the se cond me thod with 
a mapping program whereby the engineer would actually map or delineate 
soil areas and then determine their engineering signficance .  Thi s ,  of 
cour s e ,  pre sents a problem in that few enginee t' s  in Kentucky would be 
prepared to do such mapping .  Further work in corre lating air photo 
inte rpretation with the predominately residual soil patterns of Kentucky 
is indicated, in order that the air photo te chnique might be used as  an 
aid in soil mapping . 
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APPENDIX IV: LIST OF APPROVED SOILS SERIES USED 
IN KENTUCKY 
Alle gheny Burgin Decatur Greendale 
Allen Byington ''Dekoven Grenada 
Almo Calhoun Dexter Guin 
Armour Calloway Dickson Guthrie 
* Ashburn * Caneyville Doner ail Hagerstown 
Atkins Cap shaw Dowell ton Hamblen 
Atwood Captina Dubb s Hampshire 
Avonburg Carroll Dundee Hance ville 
Barbourville *Caseyville Dunning Hartsells 
Baxter Chilo Eden Hatchie 
'�Beasley Christian Edenton Hayter 
*Beckley Cincinnati Egam Hector 
Bedford Clermont Elk He itt 
Beechy Colbert El,kins Henry 
*Be llevue Collins Emory *Henshaw 
Beulah Colye r Ender s  Hermitage 
Bewleyville Comme rce Ennis *Hilham 
Balgo Cookeville Etowah �r:Hite sville 
Bodine Coolville Fairmount *Hodgenville 
Bo sket Co taco Falaya Holsten 
B.owdre *Crider *Falmouth *Hooten 
Brandon Crossville Fawcett Humphreys 
'� Brashear *Cruse Fore stdale Huntington 
Braxton Culleoka Freeland Hymon 
Bruno Cumberland Ginat Ina 
* Tentative Serie s - 9 5  -
lola Manitou *Pembroke Stendal 
Jeffer son *Manse Philo Stur gi s 
Je ssup Markland Pope Sulphura 
Johnsburg Maury Prader Taft 
*Kenton Me lvin Providence Talbott 
Kings Memphis Purdy *Tarklin 
* Larue Mercer Rarden Til sit 
Lawrence MHoon * Renox *Trappist 
Lax *Mobley Richland Tunica 
Lead vale Monengahela R obertsville Tyler 
Lee Montgomery R obinsville *Uniontown 
Lexington *Mor ganfield '�Rockcastle Up shur 
Lickdale Mountview *Roellen Vicksburg 
*Licking Mullins Ros smoyne Waverly 
Lind side Muse Routon Wayne sboro 
Linker Muskingum Rus sellville Weinbach 
Lintonia Needmore Salvisa Wellston 
Lobelville *Newark Sango �We on 
Loradale Nicholson Sciotoville We stmoreland 
Loring Nolichucky *Se e s  Wheeling 
Loudon Olivier · Sequatchie Whitwell 
Lowell Oooltewah Shannon Wolftever 
McAfee Otway Sharkey *Woolper 
McGary Pace She tbyville Zale ski 
Maddox Parks *Siberia Zipp 
'� Malt Pearman Staser *Zoar 
* Tentative Serie s - 96 -
APPENDIX V: CLAY MINERALOGY 
The dete rmination of the clay mineralogy of the soils of Fayette 
County was not a primary objective of this inve stigation; howeve r ,  it 
was thought that some knowledge of the constitution of the clay- size 
partic le s of the soils would prove to be intere sting . Therefor e ,  a 
rather cursory examination of the collodial portions of selected sample s 
was made by means of X- ray diffraction. The identification of three 
of the more important clay mine rals occurring .in soils was attempted 
in this portion of the study. 
The X- ray diffraction analysis was predicated on the same 
theory used for othe r portions of this study: that soils of similar 
origin and background should exhibit similar prope rtie s .  Since the 
plasticity and cohe sive propertie s of soils are controlled largely by 
the type s  and quantitie s of the near- colloid size particle s pre sent in 
them, soils exhibiting similar plastic and cohe sive properties should 
contain similar clay mineral s .  
From the re sults of earlier studie s ( 2 3 ,  24) , there i s  strong 
evidence that Ordovician rocks ,  and soils derived from them contain 
illitic clay s .  Samples  from the Easte rn Coal Field (Pennsylvanian Age) 
have been shown to contain kaolinite and illite , and scattered sample s 
from the Mi s sis sippian Plateaus contain kaolinite and montmonillonite 
( nontr.onite) . 
The re sults of the X-ray diffraction of selected sample s from 
Fayette County, with the exception of two ca ses  both from the same 
soil serie s ,  lend support to the general theory of soil development and 
- 9 7  -
- 98 -
to the re sults of the e arlier studie s mentioned above , The sample 
from the Elk Serie s ,  an alluvial soil derived from materials carried 
to this county from the Eastern Coal Field,  contained kaolinite and 
illite . X - ray diffraction patterns were not obtained for two other alluvial 
soil s (Huntington and Manse) and one re sidual soil (Burgin) because of 
interference caused by impuritie s which were not susceptible to treat­
ment. The residual soil s of the county which were analyzed, all 
Q,rdovician,contained only illitic clay s .  The two exceptions mentioned 
above were sample s from the Mercer Series and contained kaolinite 
and montmorillonite (nontronite) .  The clay minerals in a third sample 
of the Mercer soil were identified as illitic . No explanation is offered 
at this time; how ever, further work is suggested in o rder to support or 
qualify the general theory and to explain the seeming inconsi stency 
ob served in this inve stigation. 
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